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ABSTRACT 

This study was designed to investigate the role of 
information storage and processing in the cognitive process of 
synthesis. In particular the effect of the timing of the preset nation 
of two subordinate informational concepts on the cognitive process of 
synthesis was examined. 88 high school students in four sect* is of 
an introductory chemistry course were used as the experiment., 
copulation. The students were assigned to classes of approximately 
equal size by a computer on the basis of remaining space. The me.’n 
I.Q. scores for the class sections were compared as a partial ch "A 
of the assumption that assignment was unbiased. The results of t v s 
investigation showed that; the proportion of learners who 
successfully acquired both subordinate informational concepts, A & B* 
did not differ significantly between treatment through written 
programmed learning material concerning on one day and material B on 
the next day versus treatment of written programmed material of A 5 B 
on the same day. This study suggests that the presentation of 
information at the same time facilitates the ab 4 lity of the learner 
to synthesize. (Author/RG) 
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SUMMARY 



This study was designed to Investigate the role of Information 
storage and processing in the cognitive process of synthesis. In 
particular the effect of the timing of the presentation of two sub- 
ordinate informational concepts on the cognitive process of synthe- 
sis was examined. The term subordinate Information concept refers 
to that information which is generalized and learned as a concept, and 
which can then be combined with another independently learned informa- 
tional concept to synthesize a new structure or concept not clearly 
there before. The cognitive process of synthesis has been defined in 
The Taxonomy of educational Objectives ; Handbook I: Cognitive Domain, 

(ttoarwn 

A hierarchy was proposed for each of eight topics in chemistry 
using the method suggested by Gagne. Each hierarchy consisted of two 
informational concepts, A and B, and a third concept, C, which could 
be obtained by synthesizing A and B. 

The 88 high school students in four sections of an introductory 
chemistry course were used as the experimental population. The 
students were assigned to classes of approximately equal size by a 
computer on the basis of remaining space. The mean I.Q. scores for 
the class sections were compared as a partial check of the assumption 
that assignment was unbiased. The mean I.Q.'s of each class did not 
differ and homogeneity of variance was confirmed. 

The process of synthesis was investigated by using eight units 
of chemistry subject matter. In each unit the learner was taught 
informational concepts A and B. A test was then given to determine 
if the learner had acquired both A and B, and if he could successfully 
synthesize them to produce C. In the first treatment group, Xi, the 
information was presented through written programmed learning material 
concerning A on one day, and similar material concerning B on the next 
day. One week later a written review of A was given, the following 
day a review of B was provided, and the next day the students were 
tested. In the second treatment group, X 2 , the written programmed 
material concerning bot.i A and B was given on the same day. One week 
later both A and B were reviewed and the following day the students 
were tested. The tests were composed of free response items which 
required the student to indicate the process used in answering the 
question. 

In threv; of the eight units the proportion of students who were 
successful in synthesizing A end B in treatment group X 2 was higher 
than the proportion of successful students in treatment group Xi at 
the .05 level of confidence. This supports Ausubel's theory that 
information is processed during storage and suggests that to maximize 
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the ability of learners to synthesise, the subordinate informational 
concepts should be presented together. 

The proportion of learners who successfully acquired both 
subordinate informational concepts, A and B, did not differ signif- 
icantly between treatment Xj. and Xo for any of the eight units. This 
indicates that the method of teaching the learners A and B was not 
biased by one of the treatment procedures. 

In summary, the results of this investigation show that: 

1) For three of the eight units included in the study, students 
who were taught subordinate concepts A and B on the same day were 
better able to synthesize the data to produce the superordinate 
concept, C, than were students who were taught the subordinate concepts 
on separate days. 

2) The proportion of students in the two treatment groups who 
learned the subordinate concepts, A and B, did not differ. 

3) Seven of the eight hierarchies showing the relationship 
between the subordinate concepts, A and B, and the superordinate 
concept, C, were shown to be valid; i.e., the consistency ratio 
exceeded 0.90. The consistency ratio for the eighth hierarchy was 
0.795. 



4) it was found that testing for retention of subordinate 
concepts, A and B, provided a cueing effect which resulted in 
improved perfoxmance on items designed to measure synthesis of these 
data to produce the superordinate concept, C. 

5) A moderate correlation (0.36) was found between I.Q. end 
performance on the synthesis items. 

The cognitive ability described as synthesis may be closer to 
the goals of science instruction than any other. This study suggests 
that the presentation of information at the same time facilitates the 
ability of the learner to synthesize. The question of whether the 
ability of individual learners to synthesize can be increased is 
unanswered by this study and merits further investigation. 
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imODUCTICN 



Man's quest to obtain knowledge of nature Is the essence of 
science. The role of education In science should Include more than 
the assimilation of the current body of facts. Scientists and 
educators need to be concerned with the production of new Infomatlon. 
Important discoveries frequently require the synthesis of existing 
Information; therefore, a careful study of the effect of the timing 
of the presentation of Information on the process of synthesis is 
warrented. 



Synthesis 

Synthesis, as used in this study, is defined in The Taxonomy of 
Educational Objectives. Handbook I; Cognitive Domain . (Bloom, 1956. ) 

A concise definition of synthesis is presented as follows : 

" ][ Synthesis is ] the putting together of elements and parts 
so as to form a whole. This involves the process of working 
with pieces, parts, elements, etc., and arranging end combining 
them in such a way as to constitute a pattern or structure 
not clearly there before." (Bloom, p. 20 6 ) 

This definition of synthesis encompasses a broad spectrum of abilities. 
The synthesis required of students in this study is limited and may 
best be described by Bloom's category, 5*30, Derivation of a Set of 
Abstract Relations. In describing this type of synthesis, Bloom says: 

The distinguishing feature of this sub-category is . . . the 
attempt to derive abstract relations from a detailed analysis. 

The relations themselves are not explicit from the start; they 
must be discovered or deduced. (Bloom, p. l64) 

There seem to be two somewhat different kinds of tasks here: 

(l^ those in which the student begins with concrete d&tf, c r 
phenomena and which he must somehow either classify or explain; 

(2) those in which the student begins with some basic propositions 
or other symbolic representations and from which he must deduce 
other propositions or relations . (Bloom, p. 171* Emphasis added. ) 

It is this second situation that best describee the synthesis that was 
required of students in this study. Any inferences based on this study 
are necessarily limited to this type of student performance. 

The effect of the timing of the presentation of two subordinate 
informational concepts in the process of synthesis can be investigated 
by using the approach of Gagne (1962) to construct hierarchies which 
assess the extent of the information stored. It is necessary to 
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measure both the relevant subordinate capabilities in a cognitive 
task and the task Itself. 

The process of synthesis can be Investigated by presenting two 
separate informational concepts A and B which can be synthesized to 
produce a new Informational concept C not there before. The term sub- 
ordinate informational concept refers to that Information which is 
generalized and learned as a concept, and which can be combined with 
another independently learned informational concept to synthesize a 
new structure or concept not clearly there before. The synthesis 
process can be represented by a Gagne -type hierarchy as shown: 




Figure 1. A Simple Hierarchy 

Purpose of the Research 



The primary goal of this study is to investigate the effect of the 
timing of the presentation of two subordinate informational concepts 
(subsequently referrred to as A and B) on the synthesis of a higher 
order concept (subsequently referred to as C). Ausubel (1963) proposed 
that information which is "meaningful" is associated with other infor- 
mation in the cognitive structure of the learner. Rotely learned 
material, by contrast, is not integrated into the cognitive structure. 
If this "meaningful" Information is to be related, it will be related 
during storage. He suggested that one condition under which separate 
items of information will be related is when they are presented or 
learned at the same time. Underwood (1969) has identify ed the 
"temporal factor", i.e., the sequencing in time and the time interval, 
as a potent factor in memory. This suggests that information which is 
learned together tends to be remembered together, thus such information 
may be more easily related. 

Specifically the purpose of this study is to investigate the 
hypothesis that students who have been presented A and B at the same 
time will be more successful in synthesizing them to produce C than 
students who have been presented A and B at different times. The 
retrieval of A and B will be measured directly, and the performance 
on a task C which requires the synthesis of A and B will be measured. 



A secondary purpose Is to establish the "validity of the proposed 
hierarchies which are being used in the research. Empirical data win 
clarify the theoretical understanding of these processes and will 
suggest appropriate curriculum revisions and improved teaching 
strategies . 



Outline of the Research 



The students in the chemistry classes of Dover High School, Dover, 
Ohio, in the 1970-71 academic year were used as the research population. 
The treatments were administered to individuals in four classes and 
data were pooled for classes with the same method of presentation. The 
data from the research carried out was analyzed to examine the following 
five ideas: 

1. Direct Comparison of Success in Synthesizing C Between Groups 

The proportion of students successful in synthesizing C when A 
and B were presented together is compared to the proportion of students 
successful in synthesizing C when A and B are presented at different 
times. 

2. Validation of the Proposed Hierarchies 

The approach of Gagne (1962) is used to determine whether 
relationships within the hierarchy are validated by the observed re- 
sponses. If the hierarchy is valid, only those learners who success- 
fully respond to both A and B will succeed in synthesizing C. 

3 . Information Storage 

A and B are separate informational concepts and should be as 
easily recalled when presented together as when presented separately. 

The proportion of students responding successfully to both A and B, 
when A and B are presented together is compared to the proportion 
successfully responding to both A and B, when A and B are presented 
separately. 

4. Cueing Effects of Testing the Entire Hierarchy 

When the students are tested to determine if they have acquired 
A and S and can successfully synthesize A and B to produce C, the 
testing for A and B may provide a cue to the students that A and B 
are to be combined. This possible cueing effect is examined by first 
determining if the students can successfully synthesize C. After this 
test is completed, the students are evaluated to determine if they can 
successfully produce A and B, and then synthesize A and B to produce 
C. 
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5. Correlation of Ability to Synthesize and I.Q. 

The ability to synthesize may be related to a standardized 
cognitive measure. The correlation between I.Q. and ability to 
synthesize was determined by comparing the total score on all 
synthesis items for all units to the I.Q. score for each individual. 
I.Q. is a measure of general mental ability and should be signif- 
icantly correlated with the cognitive ability of synthesis. 

Significance of the Research 

This study is an empirical test of basic cognitive learning 
theory. The Implications of Bloom's Taxonomy overlap with Ausubel's 
theory of information acquisition during meaningful verbal learning 
and the hierarchical arrangement of the cognitive processes suggested 
by Gagne. If the existence of a given hirarchy which involves the 
process of synthesis is established, one can still choose to present 
the subordinate concepts at the seme time or separated in time. Will 
presenting A end B at the same time facilitate synthesis? The answer 
to this question would aid in formulating a model for the interaction 
of information storage with cognitive structure during learning. The 
empirical data will also suggest appropriate teaching strategies. 

The cognitive process of synthesis has been subjected to very 
little research, yet this process is vital to the formation of new 
knowledge. Although this study is being done using chemistry as 
subject matter, the synthesis process as described in the Taxonomy 
is thought to be a general process independent of subject matter 
content. Chemistry is a representative area of knowledge, end 
perhaps somewhat easier to experiment with since the students are 
generally unfamiliar with the material presented. While the results 
of this study can not be generalized to other subject matter a~eas, 
it is quite possible that similar results would be obtained in other 
areas. 
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LITERATURE REVIEW 



The oubli cation of The Taxonomy of Educational Objectives, 
Handbook ?« Genitive Dc ^fti n re^^y iBloom (1^6)'/ gene7aTed 
interest in role of information processing in the higher cog- 
nitive processes. The Taxonomy is based on the assumption that 
the arrangement of the categories - knowledge, comprehension, 
application, analysis, synthesis, and evaluation - is hierarchical, 
in that order, according to complexity of process. The hierarchy 
of categories it assumed to be cumulative; i.e., any given category 
consists of the processes stipulated by lower-level categories, and 
in addition, a process which is unique to it from the standpoint of 
lower-order categories. 

Empirical Studies of the Taxonomy 

There have been seven empirical studies which explored the 
validity of the Taxonomy < Anderson (1964), Herron ( 1965)1 Sehaff 
(1970), and EvenX®7$y investigated the relationship of the Taxonomy 
to particular chemistry curricula. Anderson (1964) investigated the 
first four levels of the Taxonomy , and found that low ability Chen 
Study students were superior in analysis to low ability students in 
traditional chemistry, but information was not held constant for both 
groups. Herron (1965) attempted to evaluate all six cognitive levels 
and experienced difficulty in constructing an adequate test. The 
limited amount of testing time available restricted the number of 
test items that could be used, and therefore, not enough informati *4 
could be obtained with respect to the £ ^^relationships implied in 
the Taxonomy . 

Sehaff (1970) concentrated only on evaluation, the highest 
cognitive level of the Taxonomy . The results indicated that the 
students in Chem Study classes were superior to the students in 
traditional chemistry classes in ability to evaluate, even when 
knowledge was held constant . In this study the knowledge measured 
was shown to be related to the cognitive process of evaluation. 
However, the differences fouad between the groups were mainly due 
to lower scores on the evaluation post -test by the control group, 
and not higher scores by the evaluation post -test treatment group. 

Even (1970) investigated the correlation between course grade in 
chemistry and each of the first four levels of the Taxonomy . The 
correlations for knowledge, comprehension, and application were .48, 
.44, and .49 respectively. The highest level of the Taxonomy used, 
analysis, had the lowest correlation with course grade ( . 32 ) . It 
would be interesting to determine if the correlation between course 
grade and higher cognitive levels is smaller still. 
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McFall (1964) grouped the levels of the Taxonomy into two areas. 
One area was the ability to recall knowledge , and tni other area was 
the ability to handle concepts , analyse principles! render Judgments, 
and evaluate material. He constructed a test designed to evaluate: 

(a) the ability to recall specific facts, and (b) to deal with the 
higher cognitive tasks. The correlations of subteat (a) with the 
Stanford Achievement Test and with course grade were significantly 
higher than the correlations of (b) with the Stanford Achievement Test 
and with course grade. This supports the contention that a signif- 
icant! y lower correlation exists between a test of the higher cogni- 
tive processes and current methods of evaluating achievement than the 
correlation between recall of knowledge and current methods of 
evaluating achievement. 

A study by Stoker and xropp (1964) was designed to test the hier- 
archical nature of the Taxonomy . Two tests were constructed which 
consisted of a reading passage dealing with content unfamiliar to the 
learners (atomic structure and the periodic table) and a test for each 
reading passage. Five chemistry teachers who were familiar with the 
Taxonomy independently classified the test items according to the 
level of the Taxonomy . The raters did tend to categorize items in 
congruence with the oehaviors the items were intended to invoke. 

Herron (1965) also found satisfactory interrater agreement in the 
classification of the items designed to evaluate all levels of the 
Taxonomy . 

The tests constructed by Stoker and KTopp (1964) were administered 
to over 1000 high school students and analysis of the data indicated 
that the Taxonomy was hierarchical. Factor analysis of the data, how- 
ever, failed to support the hypothesized structure. Smith (1968) sub- 
jected Stoker and KTOf- *s data to further analysis in the manner de- 
scribed by McQuitty (1936) as hierarchical classification by reciprocal 
pairs. He found that of the six major classes of the Taxonomy , only 
knowledge and evaluation behave in a maimer inconsistent with the 
theoretical formulation. 

These studies suggest that the Taxonomy is a useful model, and 
there is evidence to support the hypothesized hierarchical structure 
of the Taxonomy . To investigate the Taxonomy as a whole is a difficult 
task because a large number of test items is required. It is therefore 
appropriate to investigate the hierarchical structure of a part of the 
Taxonomy . 



Hierarchies and Mental Tasks 



In a study of programmed-learning materials in mathematics, Gagne 
and Brown (1961) obtained results which suggested that what is learned 
relevant to a situation is more important in transfer for problem- 
solving than how it is learned. It seemed that differences in individual 
performances might be attributable to certain skills which were needed 
in order to do what the program demanded. The follow up study by Gagne 



8 . 




13 



(1962) was designed to identify these subordinate skills by success- 
ively asking the question, “what would the individual have to know how 
to do in order to learn this new capability simply by being given verbal 
instructions? The studies of Gagne and staff (1962), Drumm (1965), 

(l ? 6 ^\ Geg ? e ®? d Ba ? 8ler ^ 963 ) > Harke (1969), Okey and Oagne 
(1970), and Bredemeier ( 1970) gave additional evidence that learning 
hierarchies can be validated* 



Tf . ^eBe studies suggest the existence of hierarchies in learn* m* 

If hierarchies do exist, additional questions eoncerniL the Mer^h 

tiSnB a of r th?« learn J a ?. re ' lulre exa “ lnati °n- The effects of the^ 
timing of the presentation of the subordinate concents on learn* n» 

“ £ {TELSSS — — — -062 



Some Aspects of Ausubel*s Learning Theory 

Au8 '* e f (1963) proposed a theory of infomation acquisition which 
differentiates between rotely learned material and meaningful verbal 
learning. He asserts that the rotely learned information end meaning- 
ful verbal learni Tg are organized quite differently in cognitive 
structure and hence conform to quite different principales of learning 
and forgetting. Meaningfully learned materials have been related to 
existing concepts in cognitive structure in ways making possible the 
understanding of various kinds of significant relationships. If two 
materials have been presented together they could become related 
during learning and fora new cognitive structure. Rotely learned 
materials, however, are discrete and isolated entities which are only 
relatable to cognitive structure in on arbitrary, verbatim fashion; 
and, because they are not anchored to existing ideational systems, 
rotely learned materials are much more vulnerable to forgetting. 

The model of cognitive organization proposed for the learning 
and retention of meaningful materials assumes the existence of a 
cognitive structure that is hierarchically organized in teras of 
highly inclusive conceptual traces, under which are subsumed traces 
of less inclusive subconcepts, as well as traces of specific inform- 
ational material. The major organizational principle is that of 
progressive differentiation of trace systems of a given sphere of 
knowledge from regions of greater to lesser inclusiveness, each li nked 

to the next higher step in ther Hererchy through a process of subsump- 
tion. 



Murray (1963) tested a concept formation model and found that in- 
formation processing ability (analytical ability), as measured by tests 
utilizing items of the Taxonomy of level two or higher, did not appear 
related to a student* s success in solving new problems, when information 
store was held constant, but did have a marked effect on the rate of 
information acquisition. The tentative conclusion, on the basis of 
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Murray's study, was that information processing ability affects 
learning primarily at the input stage when the information la stored, 
and not when the information is retrieved from storage. This agrees 
with Auaubel's theory that highly developed cognitive structure aids 
the acquisition of knowledge. The very low reliabilities of the tests 
of analytical ability (less than *50) obscure the results, and the 
correlations with other tests of analytical ability were lower still 
(the correlations ragged from .07 to . 23 ). 

Taylor (1966) studied concept formation as a function of information 
input in college chemistry. The treatment group was given high density 
information instruction through the use of additional problems, exer- 
cises and other activities designed to expose them to more information 
about a concept. The results suggested that a high density of informa- 
tion input increased the amount of information acquired in the 
treatment group, as compared to the control group. In both the experi- 
mental and the control groups, students high in analytic ability 
acquired more information than students with low analytic ability. This 
is in agreement with Murray's data and suggests that analytic ability is 
a measure of the cognitive structure which serves to process the 
information during input. 

Ring (1970) investigated the effects of cognitive structure on 
achievement in college chemistry by measuring the cognitive structure 
and the fact orientation of the students. Questions were posed which 
required either a factual answer or the existence of subsumers in the 
cognitive structure of the student. The results indicated that the 
existence of a large amount of relevant subsumers, or appropriate 
cognitive structure, facilitates the learning of new material, and 
students who possess a large amount of facts without sumsumers achieve 
at a low level. 

The studies cited support Ausubel's theory that if information is 
to be learned in a meaningful way, and therefore retained, the existence 
of appropriate cognitive structure is necessary. An inherent difficulty 
with Ausubel's theory is that the existence of cognitive structure or 
the presence of subsumers is based on indirect evidence. The Cognitive 
Structure Exam has l4 items which purport to measure subsumers and 12 
items which are designed to measure facts. The validity and reliability 
of this test need to be better established. 

The studies cited suggest that cognitive structure as postulated 
by Ausubel does exist, and does influence the acquisition of information. 
The evidence is based on tests which select learners on the basis of 
some higher cognitive ability. These selected learners have superior 
ability to acquire, retain and retrieve information. These studies 
have not investigated the effect of the timing of the presentation of 
the information on the learning of this information. Information which 
is learned could be related by the existing cognitive structure or 
relationships could be perceived during the learning process. The 
perception of a relationship between two separate pieces of information 
is called synthesis. 
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The Synthesis bevel and Cognitive Structure 



Three empirical studies have been directed toward the synthesis 
process. Wasik (1967) attempted to validate the Taxonomy processes of 
synthesis and evaluation with a reading passage and a test using 
social studies content and science content, ttie construct validity 
was determined by relating the results of the synthesis test to the 
results on Guilford's test of divergent production. Wasik felt science 
and social studies synthesis subtests were valid measures of the 
synthesis process, but subsequent analysis indicated the two subtests 
were measuring different aspects of the synthesis process. This agrees 
with the results of Murray (1963), Taylor (1966), and Ring (1970) who 
also found that content -process interaction occurs. 

Based on the assumptions of the Taxonomy and its definitions of the 
cognitive processes, Smith (1970) found a significant relationship 
between Intelligence and the knowledge, comprehension, application, and 
analysis categories. The contribution of intelligence was uniform and 
significant for each of the four levels. Creativity, however, did not 
make a significant contribution to variation beyond intelligence. Both 
intelligence and creativity made significant, independent, and overall 
contributions to variation on the synthesis and evaluation levels. 

Smith and Mangum (1970) made a comparison of the performance of 
students who can recall a principle after a period of years, as opposed 
to those who can only recognize the principle, in terms of their ability 
to profit from a communication. The communication consisted of a 
description of an experiment, the resulting data, the principle to be 
derived from the data, and definitions of key concepts. The test items 
were constructed according to the Taxonomy , and an attempt was made to 
hold content constant and systematically vary the cognitive process. 

On the synthesis item, the students appeared to answer the question 
by the process of eliminating the alternatives, rather than by formu- 
lating a hypothesis or an experiment. The recall group was found to 
be significantly better than the recognition group on all items at the 
.01 level. 

From these studies it is clear that not enough is known about the 
synthesis process. The synthesis process has been related to divergent 
production, I.Q. and creativity through correlational studies. Smith 
and Mangum (1970) attempted to select students who possessed higher 
cognitive skills on the basis of their ability to recall a principle 
in science a long period of time after acquiring the principle. These 
students were found to be significantly better at the process of syn- 
thesis . 

Still, these studies did not assess the existence of relevant 
subordinate concepts by holding knowledge constant. In addition, the 
timing of the presentation of the subordinate concepts has not been 
investigated, and it may be an important factor - especially in the 
process of synthesis. 
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Purpors of the Besaarch 

The studies cited provide evidence that Bloom 1 a Taxonomy , Gagne 1 a 
hierarchies , and Ausubel's learning theory have some validity. The 
cognitive process of synthesis involves all three of these ideas and 
the interrelationship of information storage and processing, hierarchies, 
and synthesis require investigation. Only the studies of Wasik ( 196? ) , 
Smith (1970), and Smith and Mangum (1970) have dealt with the process of 
synthesis, and the investigation involved synthesis In a peripheral way. 

This study ascertains the existence of the relevant knowledge and 
concepts in the hierarchy, their role in the process of synthesis and 
the effects of Information storage on the ability of the learners to 
synthesize. It makes use of and provides information about Ausubel 1 s 
theory, Gagne* s hierarchies, and the synthesis level of Bloom's 
Taxonomy . 



EXPERIMENTAL PROCEDURE 



Sample 

The major focus of this research was a comparison of the proportion 
of learners successful in achieving the synthesis of Informational con- 
cepts A and B between treatments. In treatment X^, A was presented on 
one day and B was presented the following day, while In treatment Xg, A 
and B were both presented on the same day. The individual students in 
the chemistry classes of Dover High School were used as a population for 
the research. These classes contained college preparatory students in 
an introductory chemistry course during the 1970*71 school year. Each 
class met three days each week for a kb minute period and two days 
each week for an 80 minute period. 

The text used was Modern Chemistry (Holt, 1963) and the treatment 
units were selected from the material in the text. The material used 
in the units is common to most high school chemistry texts. These units 
are contained in the appendix. 

The enrollment of approximately 88 students was divided into four 
nearly equal sections of 26, 22, 21, and 19 students. The enrollment 
fluctuated slightly throughout the year since four students withdrew 
from chemistry and one new student enrolled in January. The students 
were assigned to the classes by a computer on the basis of remaining 
space in classes. An investigation by Hagerman (1966) indicated that 
this was likely to be an unbiased assignment. A test of homogeneity 
of variance and equality of means of I.Q. scores was done to check this 
assumption. I.Q. was chosen because Smith (1970) found that I.Q. made 
a significant contribution to variation for synthesis items. The mean 
I.Q. for each section is given in Table 1. 

Table 1. Mean I.Q. Score for Each Section of Chemistry 





Section A 


Section B 


Section C 


Section D 


Mean I.Q. 


113.2 


116.2 


119.3 


114.7 



A one way analysis of variance as described in Winer (1962) was 
done to determine if these means differed significantly and the results 
are given in Table 2. There was no evidence that the students who 
withdrew or entered were different from the rest of the students in the 
classes with respect to I.Q. The average I.Q. for all students was 116, 



and the average I.Q. for those students who entered or withdrew was 115 . 
The I.Q. scores were analyzed for only those students who were present 
for at least four of the treatment units, therefore the number of de- 
grees of freedom within groups is 82 and not 85. 

Table 2. Analysis of Variance of I.Q. Scores 



Source of 


Sum of 


Degrees of 


Mean 


F 


Variation 


Squares 


Freedom 


Square 




Between Groups 


438.19 


3 


146.05 


1.64 


Within Groups 


7895.16 


82 


88.97 




Total 


7733.31 


85 







Since I 95(3, 82) * 2.72 and the value obtained for F ■ 1.64, there 
is no significant difference between the class means at the .05 level. 
This indicates that there is no evidence of bias with respect to I.Q. in 
the assignment of students to classes by the computer. 

The Hartley F max test of homogeneity of variance as described in 
Winer (1962) was done* and the results are given in Table 3* Since 
Fmoy oq(4, 24) e 2.9, and the value obtained for F max ■ 1.95# homo- 
genelty of varlance is supported. 

Table 3* Homogeneity of Variance of I.Q. Scores 





Section A 


Section £ 


Section C 


Section D 


Sum of Squares 


1688.00 


1861.27 


2522.20 


1223.68 


Degrees of Freedom 


25 


22 


20 


19 ' 


Variance 


70.33 


88.63 


132.75 


67.98 


F 

*max. 


1.95 









In addition, the observations of the teacher indicated that the 
class sections did not differ significantly with respect to grades, 
skill in laboratory, quality of class discussion, and attitude toward 
chemistry. This increases one’s confidence that the assignment of 
students to classes was unbiased. 
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Treatments 



The treatments consisted of hierarchies of chemistry subject 
matter designed to teach the learners tvo separate informational 
concepts A and B. Concepts A and B are relatable and can be synthesized 
to produce a new concept C. The concepts are assumed to be hierarchial 
in nature as represented in Figure 1 on page k . The purpose of the 
treatment is to teach A and B effectively to all learners in a controlled 
and unbiased way. One treatment group (Xi) learned A and B separately 
while the other treatment group (Xg) learned A and B together. 

Time is one of the factors which has been identified by Underwood 
(1969) as influencing the learning, retention, and retrieval of informa- 
tion. The sequencing in time and the time interval, called the "teraporal 
f actor", has been shown to be influential in determining which informa- 
tion will be associated with other information in empirical research by 
Van Mondfrans and Travers (1965), Bugelski and Rickvood (1963), and 
Murdock (i960). These studies suggest that information which is learned 
at the same time tends to be recalled at the same time, and thus such 
information can be related more easily* It is felt that the separation 
of presentation of A and 3 by one day would effectively ensure that they 
are learned separately. 

A pilot study indicated that the presentation of the information by 
giving the learners a page of written material to read was not suffi- 
ciently effective in teaching A and B. Since the primary purpose of 
this research is to investigate the process of synthesis, it is desirable 
to have a very high proportion of learners (ideally 100 $) acquire both 
A and 3 . Then one can compare the number of learners successful in 
synthesizing 0 between treatment groups X^ (separate presentation of A 
and B) and treatment group Xg (presentation of A and B at the same time). 

To increase the proportion of students who successfully acquired 
both A and B, the presentation of A and B was expanded to a written 
programmed learning format. The materials used are in the appendix. 

The learners, after reading the expository material, were required to 
respond to questions designed to focus their attention on the pertinent 
aspects of the written material and were given answers to these ques- 
tions to provide immediate feedback. To further increase the propor- 
tion of learners that acquired A and B, the original expository material 
was given as a review exercise after an interval of one week. Since the 
revi w materials contain nothing new but consist of the original expos- 
itory material with the questions deleted, these materials are not in the 
appendix . 



Design 



In treatment Xi the information concerning concept A was presented 
on Monday through written programmed learning material, and the informa- 
tion concerning concept B was presented Tuesday through written pro- 
grammed learning material. The following Monday only the expository 
material containing A was given as review, on the following Tuesday only 
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the expository material containing B was given, and on Wednesday the 
students were given the criterion test. 

For treatment X 2 # A and B were both presented on Tuesday through 
written programmed learning material. The following Tuesday the exposi- 
tory material was given as review and on Wednesday the students were 
given the criterion test. The lotal learning time and testing time 
available to both treatments was the same. 

To avoid the appearance of an experiment, the material presented 
was used in discussions and experiments after the criterion test was 
given. The students accepted the material as a natural part of the 
chemistry course. In the beginning of the year the teacher discussed 
his philosophy of education. This included an expressed belief that 
students could learn by listening to lectures, by participating in 
class discussions, through laboratory experiments, and by reading 
written material. He stated that students ought to gain experience in 
learning in all four ways, and each time the treatment material was 
handed out, students were reminded of this statement of philosophy. It 
is felt that this enabled the students to accept the experimental 
setting as a part of the classroom routine. 

Kany students had difficulty in synthesizing A and B and became 
discouraged, although every student was successful at least once. The 
mean score on synthesis items was 4.7 correct responses per student. 

Even so, many students reacted negatively to the experimental materials, 
especially after the fifth treatment. Since these exercises were . 
counted as a part of their grade, it is felt that they performed up to 
their capabilities on each treatment unit. 

The results for all students within each treatment were pooled. 
Pooling the results amounts to combining the class results of similar 
treatments. To eliminate bias, each class should be combined with 
each other class for each treatment. There are six permutations and 
these are shown in Table 4 under the Units 1 through 6. Also included 
in Table k is the procedure used in units 7 and 8, which are repetitions 
of the method of assigning treatments for Units 2 and 1 respectively. 
Although only the first six permutations are unique, units 7 and 8 were 
also presented to the learners as shown in Table 4 to provide additional 



data. 


Table 4. Method of Assigning Groups to Treatment 




Unit 


1 


2 


5 


k 


5 


6 


7 


8 




Section A 


*1 


X 2 






X 2 


h 


*2 


x t 




Section B 


*2 




h 


x 2 


*1 


*2 




*2 




Seotion 0 


*2 


*1 


h 




h 


*1 


*1 


*2 




Section D 




*2 


h. 


*2 


*1 


*1 


*2 


*1 
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Measuring Instruments 



The previous investigations of the higher cognitive processes did 
not assess the relevant information in the hierarchy leading up to the 
cognitive process in the manner described >y Oagne (1969). To strength- 
en the research design a more complete evaluation vas done. The 
criterion test used consisted of free response items prepared by the 
researcher that assess the hierarchy consisting of the synthesis item 
C and the two subordinate concepts A and B. To disguise the nature of 
the research and prevent the structure of the test from giving students 
clues, some additional lower level items were also included. The 
content validity of the test items was determined by using a panel of 
subject matter experts who also had extensive experience with the 
Taxonomy . 

Kropp, Stoker, and Bashaw (1966) discussed some of the problems 
associated with choosing the response measure which will be regarded 
as indicative of the presence or absence of cognitive behaviors. 

The choice of the proper response measure is crucial if one 
wishes to obtain the best evidence on which to validate any 
behavioral measure. In the case of the Taxonomy, two possible 
response measures come immediately to mindl One is whether 
the desired intellectual process is used by the student. The 
other is whether the student gives a correct response to an 
item. The fomer will be referred to as the process response^ 
the latter, the product response. 

Using a process response measure requires detecting whether 
the student used the intended process when reaching his 
solution to the item. Identifying the process would require 
that information about the process be collected. One method 
by which this might be done is to collect verbalizations frcm 
the student while he is solving the problem. 

Detecting the presence or absence of the desired process from 
the solution which the student verbalized is a difficult task 
that requires well-trained Judges who manifest high inter- 
rater reliability. (Kropp, Stoker, and Bashaw, 1966, p. 71 - 72 ) 

Since it was desirable to have evidence that the students were 
engaged in the synthesis process, a specific question was asked and the 
students were required to give their answer and also explain why they 
gave the answer. The written explanations correspond to the collection 
of verbalizations referred to by Kropp, Stoker, and Bashaw (1966). 

Free response items eliminated the need for guessing corrections 
cited by Aixen (1965), Cureton (1966), Ebel (1968), Edgington (1965), 
and Little (1966). Free response items also eliminated the problem 
found by Smith and Mangum ( 1970 ), that students tended to respond to 



multiple choice synthesis items by eliminating choices rather than by 
formulating hypotheses. 

The criterion for scoring the tests was established prior to ad- 
ministering the tests. The tests were than graded by three qualified 
chemistry teachers and the inter judge reliabilities were computed using 
the procedure described in Winer (1962). The results are given in Table 
5. The reliability was computed separately for each section of students , 
the total reliability for that unit was calculated and the over-all 
reliability of all items was found. 

Table 5. Inter judge Reliabilities for the Criterion Tests 



Unit 


Section A 


Section B 


Section 0 


Seetlon 0 


Total 


1 * 


,8$4 


.921 


.859 


.911 


.889 


z 

m 


.$60 


.921 


.966 


.6)2 


.807 


3 




• .929 


.936 


.698 


.930 


4 


•74$ 


• 

.604 


.920 


.424 


.767 


5 


.992 


.9 89 


.966 


.995 


.991 


6 


.693 


.661 


.692 


.922 


.893 


7 


.962 


.974 


.991 


.959 


.978 


a 


.910 


.630 


.992 


.955 


.937 



Over-all *933 



The reliabilities are quite high except for section A in unit P and 
section D in unit 4 , but the total reliabilities for these two units are 
respectable. The high reliability of the tests used may be attributed 
to two factors. First, the judges were in close agreement about what 
constituted a correct response. Second, the questions made clear what 
sort of response was desired, and it was not difficult to ascertain 
which student responses were adequate. 

Validation of Hierarchies 

Validation of the hierarchies is carried out using the method 
described in the American Association for the Advancement of Science 
report. (American Association for the Advancement of Science, 1968.) 
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If the hierarchies ere consistent w the proposed hierarchy! only 
those learners successful in acquiring both A and B will succeed in 
synthesising C. The consistency ratio was calculated by dividing the 
number of consistent hierarchies by the total number of learners. An 
inconsistent hierarchy is one in which the learner fails to acquire 
either A or B or both but succeeds in synthesizing C. For the hierarchy 
in Figure 1 the possible responses are given in Figure 2. 



a 


0 


0 


0 


0 


♦ 


♦ 


4 


♦ 4 


♦ ♦ 


♦ 0 


0 4 


0 0 


0 4 


4 0 


0 0 


(*> 


(*> 


(c) 


(<0 


(•} 

• 


(f) 


<g> 


00 



Figure 2. Possible Responses to the Hierarchy Given in Figure 1 



A + indicates success and a 0 indicates failure. The first five 
patterns a, b, c, d, end e ere consistent and the last three (f, g, and 
h) are Inconsistent. The consistency ratio is equal to the sum of the 
consistent hierarchies divided by the sum of all possible hierarchies. 



Consistency Ratio 



a*b+c+d+e 

a+b+c+d+e+f+g+h 



The AAAS Science - A Process Approach evaluation report suggested 
a consistency ratio equal to or greater than .90 for hierarchy validation 
(American Association for the Advancement of Science, 1968). The con- 
sistency ratio satisfied this requirement for all units except unit 8. 
There were other problems associated with unit 8 and the written material 
in unit 8 was felt to be inadequate to teach the concepts involved. The 
results summarized in Table 6 indicate that the proposed hierarchies 
were valid and provided additional evidence to support Gagne* s model of 
hierarchies . 

Table 6. Consistency Ratio for the Proposed Hierarchies 



Unit 


Number of 

Consistent Hierarchies 


Total of All 
Possible Hierarchies 


Consistency 

Ratio 


1 


87 


83 


.909 


2 


81 


88 


O 

cu 

o\ 

• 


3 


85 


85 


1.000 


4 


85 


85 


1.000 


5 


85 


86 


.988 


6 


81 


85 


.953 


7 


81 


82 


•>o 

CO 

CO 


8 


58 


73 


1 .795 
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Proportion of Eligible Learners 

If the hierarchies were valid, and there was evidence that they 
were, only those learners who had acquired both A and B would have been 
successful in synthesising C. Students who acquired both A and B were 
designated as "eligible learners". Since the primary aim of the re- 
search was to evaluate the effect of information storage on the proc- 
ess of synthesis, it was desirable to maximize the proportion of eligible 
learners. The proportion of eligible learners was calculated and is 
given in Table 7. 

Except for units 2, 5, and 8 the proportions are quite good. The 
low proportion in unit 2 was probably due to the difficulty of the 
material and the inadequacy of the written material. Atomic stricture 
was the topic in unit 2. The written information A included the concept 
that as the atomic number is increased the number of shells in the atom 
increases periodically. Since these shells are assumed to be concentric 
in our simplified model of the atom, increasing the number of shells 
increases the atomic radius. The written information B included the 
concept that as the atomic number is increased the attracting power of 
the nucleus becomes larger, which results in a smaller atom. Many stu- 
dents asked the teacher which statement was correct and were Informed 
that no discussion was permitted since the stated objective of these 
units was to require students to learn by reading. As a result of the 
ensuing frustration many students became "fixated" on either A or B. 

They chose either A or B as the correct concept and ignored the other 
concept. The quality of the exposition needs to be improved despite 
the fact that unit 2 was used in a rilot study and revised extensively 
according to the feedback received. 

Table 7. Proportion of Eligible Learners 



Unit 


Humber of Eligible Learners 


N 


Proportion 


1 


86 


88 


.977 


2 


42 


82 


.477 


5 


51 


85 


.600 


4 


74 


85 


.871 


5 


51 


86 


•J 6 l 


6 


57 


65 


.671 


7 


60 


82 


.732 


8 


19 


75 


.260 



The student! had particular difficulty with unit 5 # which required 
aa explicit quantitative comprehension of aa abstract concept (the mole) 
aad the concomitant calculations* This material will be revised to 
provide more exercises which require responses by the student* 

Unit 8 was equilibrium and exposition through written material 
did not seem to be aa appropriate method for teaching these concepts. 

If this unit can not be revised successfully it will be eliminated from 
further research efforts. 
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Tht Effect of Tr.itm.nt on the Mumbar of Bllglhla immu. 



Before comparing the success of the eligible learners in synthe- 
sizing C, it is necessary to investigate the effect of treatment on 
the acquisition of A and B to determine if the proportion of eligible 
learners is different between treatments. The proportion of eligible 
learners in treatment and the proportion of eligible learners in 
treatment X2 were compared to determine if they differed significantly 
by using the procedure described in Edwards (i960). Ausubel's theory 
predicts that those learners who were presented A and B together would 
store them more effectively than the learners who were presented A and 
B separately. This was not verified by the data given in Table 8, which 
shows no significant difference for all units. It is quite possible 

that the informational concepts A and B did not require extensive 

ideational anchorage to be successfully acquired, or that the required 
cognitive network was present to approximately the same extent in all 
learners, it is perhaps more likely that the material used was not 
excessively complex, and the programmed material allowed both treatment 
groups to develop the relevant cognitive structure to the same extent. 

In units 2, 3; and 7 the proportion successful was higher for X2, in 

units 4, 5, 6, end 8 the proportion was higher for X 1# while the 

proportions were nearly identical for unit 1. None of the differences 
were significant at the .05 level and it is assumed that all differences 
are due to chance. 

Proportion of Eligible Learners Successfully Synthesizing C 

The proportion of eligible learners successful in synthesizing C 
was determined for each unit to find if there was a significant differ- 
ence, using the procedure described in Edwards (1968). Ausubel’s 
theory suggests that the ideational anchorage will be more extensively 
developed daring the storing process when A and B are presented together. 
This cognitive network would then facilitate the processing of the 
information and a higher proportion of the group undergoing treatment 
X2 should succeed in synthesizing C. 

The proportion of eligible learners successful in synthesizing 
was higher for treatment X2 than for treatment X^, for units 1, 3, and 
6. These differences were significant at the .05 level for units 1 
and 6 and at the .01 level for unit 3» The results for the pooled data 
are summarized in Table 9* 

In unit 1 the class sections B and C were assigned the more success- 
ful treatment, in unit 3 the class sections C and D were the more suc- 
cessful, and in unit 6 the class sections A and B were the more success- 
ful. This shows that the more successful treatment group did not always 
contain a particular class section. This increases one’s confidence 
that the differences found were due to the treatment and not to some 
undetermined bias among class sections. 
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t»bl« 6. T*it of Blinlfloonoo Botwoon Proportion* of £ll|ibl* loornoro 
Who Oorrootly Aoqulrod Both A *»d B by trootmont Group* 



Unit 


Treatment 


Number of 
Eligible Learners 


N 


Proportion of 
Eligible Learners 


2 


1 

1 


*a 


44 

42 


45 

45 


.9777 

.9767 


.0026 


2 


*1 

*2 


17 

e 


44 

46 


.587 

.544 


1.49 


5 


• *1 


85 
2 6 


47 

52 


.555 

.644 


1,20 


4 


*1 

*2 


42 

52 

» 


45 

40 


.954 

.601 


1.223 

0 


5 


*1 

S 


16 

15 


40 

46 


.490 

.265 


1.54 


6 


*1 

*2 


26 

51 


57 

48 


.705 

.646 


.521 


7 


h 

*2 


29 

51 


42 

40 


.691 

.775 


.76 


8 


*1 

*2 


12 

7 


40 

54 


.300 

.206 


.813 



Table 9 , Teat of Significance Between Proportions of Eligible Learners 
Sueoessful in Synthesis 



Number of Proportion of 

Eligible Learners Total No. Eligible Learners 
Sueoossful In of Eligible Suooessful In 
Unit Treatment Synthesis Learners Synthesis 2 



1 


*1 


21 


44 


.477 


1.76* 


X 


to 


42 








2 










a 




6 


17 


.471 


.317 




h 


15 


25 


.521 




• 




6 


25 


.240 


2 . 95 ** 


3 


, 




.8 54 






*2 


17 


26 




4 


*1 


58 


41 

• 


.927 


. 549 ' 




*2 


51 


52 


.980 








5 


id 


.188 


-.069 


5 


*2 


2 


15 


.154 






*1 


3 


2d 


.115 


i.eo* 


6 








» 




*2 


11 


31 


•555 




7 


*1 


12 


29 


.414 


.500 




*2 


15 


51 


.484 






*1 


4 


12 


.555 


1.62 


6 






.714 






*2 


5 


7 


* 



• Significant at the .05 level. 
*+ Significant at the .01 level. 



The mean score for all synthesis items was reported earlier as 
4. TO. The mean score for each class section was computed and is 
given in Table 10. Examination of these data also increases one's 
confidence that the greater proportion of eligible learners success- 
ful in synthesizing in treatment X 2 was due to the treatment, and not 
to some undetermined bias among class sections. 

Table 10. Mean Score on Synthesis Items for Each Class Section 





Section A 


Section B 


Section C 


Section D 


Mean Score on 




4.50 


4.60 


4.68 


Synthesis Items 


4.68 



The results obtained support the idea that the timing of presenta- 
tion of A and B is an important variable in the process of synthesis. 
This is consistent with Ausubel's theory that cognitive framework 
facilitates the processing of information. The results also suggest 
that A and B should be taught together to maximize the synthesis 
process. 



Cueing Effects of Testing 

The tests which evaluated success in synthesis were given twice. 
The first test contained only the synthesis items. After that was 
completed and handed in, a test evaluating the entire hierarchy and 
including the same questions testing for synthesis of C was given. 

It was proposed that some students would not succeed in synthesis at 
the first attempt but the cueing effect provided by the questions 
evaluating the entire hierarchy would enable them to succeed the 
second time. The data in Table 11 indicated that this did in fact 



occur * T a bi e 11 . success in Synthesizing C Due to Cueing Provided 

by the Hierarchy 



Unit 


Total No. of 
Eligible Learners 


No. Synthesizing C 
on the First T6St 


No. of Additional 
Students Synthesizing 
C After Cueing 


1 


86 


50 


4 


2 


42 


21 


12 


3 


51 


23 


3 


4 


T3 


69 


4 


5 


31 


T 


6 


6 


52 


14 


24 


T 


60 


27 


18 


8 


19 


9 


9 



25 . 
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Correlation Btjbvaen I.Q* and Ability to Synthesize 

There were a total of 15 synthesis items in all the units* The 
highest total score for any student was 13 and the lowest score was 
1. Therefore every learner was successful in synthesizing at least 
once* The mean score was 4*7 or, on the average, 31# of all the 
synthesis items were answered correctly. 

The ability to synthesize A and B to produce C is not the same 
for all learners* Smith (1970) found that intelligence, as measured 
by I.Q, tests, made a significant contribution to the variation in 
scores on the synthesis process. In this study the correlation 
between I.Q, and success in synthesizing C was calculated using the 
procedure described in Winer (1962). The correlation found was *36, 
which is in good agreement with the results reported by Smith (1970), 
This correlation of .36 is significant at the .005 level. This 
suggests that the mental ability that I.Q. tests purport to measure 
is related to the ability to synthesize as defined by the criterion 
tests in this study. 



SUMMARY AMD CONCLUSIONS 



The conclusions that could be drawn from the research will be 
directed towerds answering these basic questions: 

1. Is the proportion of "eligible" learners successful in 
achieving synthesis of c higher when A and B are presented 
together, than when A and B are presented separately? 

2 . Is the proportion of "eligible" learners (ones who have 
acquired both A and B) higher when A and B are presented 
together than when A and B are presented separately? 

3 . Are the proposed hierarchies valid? 

4. Does a "cueing effect" exist which enables learners to 
succeed in synthesizing only after being tested for the 
lower part of the hierarchy? 

5 . Is the ability to synthesize correlated with I.Q„? 

Synthesis is one of the higher cognitive processes (level 
5.00 on the Taxonomy ) and is of particular interest because this 
process results in ine production of new knowledge. Information 
storage appears to significantly affect synthesis; specifically the 
presentation of relatable Information at the same time favors the 
process of synthesis. The proportion of eligible learners successful 
in synthesizing A and B to produce C was higher for treatment Xg than 
for treatment Xi for units 1, 3> and 6. These differences were 
significant at the .05 level for units 1 and 6, and at the .01 level 
for unit 3» 

These data clearly suggest that synthesis of relatable information 
to produce a new concept or abstration is more likely to occur if the 
presentation of the relatable subordinate concepts are contiguous in 
time. One may reasonably infer that in cases where the teacher wishes 
the student to perform this kind of synthesis, that information which 
is to be incorporated into the synthesis should be presented as close 
in time as practical considerations will allow. But it is also clear 
that practical considerations do not allow contiguous presentation of 
information that one expects the student to use in subsequent syntheses. 
The bald fact that it often takes more than one class period to develop 
a single subordinate concept precludes the presentation of all 
subordinate information at the same time. 

In view of the results of this study and the obvious practical 
constraints cited above, one may reasonably ask if there is a practical 
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procedure that a teacher can use to enhance a student's ability to 
synthesize. Our data do not answer that question but they do suggest 
an hypothesis that is worth investigation. 

It should be noted that when students were tested on the sub- 
ordinate concepts, A and B, and were then asked to answer a question 
which required a. synthesis of A and B, a substantial number of 
students who had previously failed the synthesis item were able to 
respond correctly. (See Table 11. ) It should be further noted that 
in the experimental procedure, students were taught the subordinate 
concepts A and B during the week preceeding the testing. These 
concepts were then reviewed on the days immediately preceeding the 
day of testing; for treatment on the two preceeding days and for 
treatment Xo on the immediately preceeding day. These data suggest 
that a practical procedure for assisting students in the development of 
synthesis skills would be to review information that is important to 
a given synthesis at the time that the synthesis is required. This 
review could be done in a relatively short period of time even though 
the instruction required to develop the subordinate concepts required 
several days for each concept. 

It can be argued that such a review of subordinate concepts at 
the time the student is asked to perform a synthesis of this informa- 
tion is "cheating" and that the resultant student perfoimance is not 
synthesis in a true sense. This argument is well taken. However, 
synthesis in a pure form is a very complex process which is likely 
to be developed over a long period of time. It can be argued that 
the instructional strategy suggested here, while not synthesis in the 
best sense of the term, would constitute one step in the development 
of the skill to perform syntheses without the aid of such obvious cues 
as the suggested review. It must be emphasized that our research does 
not provide data which prove that the suggested instructional strategy 
would be effective. Our data do suggest that Investigation of such an 
instructional strategy would constitute a useful piece of research. 

We should not leave the discussion of the effect of time of 
presentation on the ability of students to synthesize without noting 
that we found significant differences on only three of the eight units 
employed in our study. Clearly time of presentation is not the only 
variable that affects the student's ability to perform a synthesis nor 
is it such an overriding consideration that it masks the effect of 
other variables. Many students who were presented concepts A and B 
on separate days (treatment X]J were successful on the synthesis items 
and conversely, many students who were presented concepts A and B 
on the same day (treatment Xg) were not successful on the synthesis 
items. Indeed, the proportions of students who were successful under 
the two treatments was so nearly the same for five of the eight units 
that we must attribute these differences to chance alone. Why is this 
so? The answer to this question is not clear from our data and we can 
only offer suppositions. One obvious explanation for the fact that 
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significant differences were found for three of our experimental cases 
and not for five is that our experiment 6.1 procedures were not uniformly 
reliable; that differences in the quality of the instructional units, 
reliability of the grading, or validity of the hierarchies somehow 
combine to reduce the power of our test even though the effect of the 
time variable is constant over all units. This possibility is real. 
However, examination of tho proper sion of eligible learners (Table 7), 
the consistency ratios for the hierarchies (Table 6), and the inter Judge 
reliabilities (Table 5) produces no obvious relation between these 
possible confounding variables and the results in question. • We must 
assume that there are other variables that affect the student’s ability 
to synthesize, that these variables were not identified in this study, 
and that these variables are sufficiently powerful to mask the effect 
of time in five out of eight cases examined. Again the question, what 
are those variables? 

Based on intuition, a substantial body of research on transfer of 
training, and a subjective, post hoc examination of the instructional 
units used in this study, the following is suggested as a variable in 
the process of synthesis which is worth investigation. The variable 
is the number of cummon elements between the subordinate concepts 
A and B, that are involved in the synthesis. This is a variable that 
might easily interact with the variable of time as investigated in 
this rtudy. Our argument is as follows: 

Synthesis is a process that clearly involves transfer of training. 
The essential element of a synthesis is to take information that has 
be^n previously learned and to use that information in some new context 
to produce an abstraction that did not previously exist in the mind of 
the student. The body of research on transfer of training ci arly 
suggests that the probability of transfer is increased by increasing 
the number of elements which are common to the learning task and the 
transfer task. It follows that a student is more likely to see the 
relationship between some subordinate concept A and another subordinate 
concept B if there are elements of commonality between the two 
subordinate concepts. It also follows that such elements of commonality 
are likely to be more obvious if the two subordinate concepts are 
Juxtaposed as is the case when they are presented at the same time, 
than if these subordinate concepts are presented on different days. 

It is possible that it is the perception of these common elements, 
xanced by the presentation of subordinate concepts A and B at the 
i tie time, that is important to the synthesis of this information to 
perform same new task. If this is true (and we have no data to show 
that it is) then the presentation of two subordinate concepts together 
in time would improve the ability of the student to synthesize onl y 
if common elements ex.-.yt between the two concepts and these common 
elements are perceived by the student. Investigation of this 
proposition would require considerable skill on the part of the 
investigator but the proposition is sufficiently intriguing and the 
process of synthesis so important to education that such research should 
be undertaken. 
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The information concerning the effect that the time 
presentation of A and B has on th c synthesis of C reprc*£ intf the 
major contribution of this study. However, were other 

results which are of interest because of their relationship to 
Ausubel's learning theories, Gagne’s analysis of learning tasks 
into hierarchies, and the cueing effect of one test item on student 
performance on later items in a test. 

There was no significant difference V :\ treatments in the 
proportion of learners who suc'v^ofui.y acquired both A and B. 
Ausubel's theory suggests that the presentation of A and B together 
v 'uld facilitate learning by utilizing the appropriate ideational 
anchorage. It is quite possible that this did not occur because of 
the similarity of the basic cognitive structure that existed in all 
successful learners. Therefore, all learners had equal *<Mlity to 
learn the informational concepts A and B. The results ote#n : ned may 
also be due to the method of presentation used because the programmed 
learning format probably minimizes the requirements of the learner to 
process information. Presentation of A and B in a less explicit way 
(one which requires the learner to process the information on his own 
instead of leading him to the appropriate conclusions through the 
questions given) might be a more appropriate test of Ausubel’s theory. 

The consistency ratio of the hierarchies was found to be 
uniformly high. This suggests that it is possible to construct valid 
hierarchies, and these hierarchies can be used to design appropriate 
teaching strategies. For example, in the hierarchies considered, it 
is necessity for the learners to acquire both A and B before they can 
succeed in acquiring 0 . However, the acquisitioi of A and B does not 
necessarily mean that the learner will be able to synthesize them to 
produce C by himself. 

If the learner fails to acquire either A or B or both, he is not 
expected to succeed in producing C, and he will not be able to under- 
stand C except as rotely learned information. 

A substantial number of students who failed to synthesize C when 
the test item was presented alone were successful in synthesizing C 
on the examination which tested the entire hierarchy. This can be 
attributed to the cueing effect of the test items and test construc- 
tion. This finding verifies the results obtained by Harke (1969) 
which revealed a cueing effect when students were asked to solve a 
physics problem and were also provider with multiple choice questions 
on the same problem. 

The cognitive ability described a- synthesis may be closer to 
the goals of s ience instruction tha-i any other. This study indicates 



that the presentation of information at the same time facilitates 
the ability of the learner to synthesize. The question of whether 
the ability of individual learners to synthesize can be Increased 
is unanswered by thiB study and merits further investigation. Areas 
of investigation that the author considers important have already 
been suggested. 

The results of this study apply to the experimental population 
and generalization beyond this population must be made with caution. 

A replication of this research with a larger sample which involves 
many teachers is in order. This larger study could explore the 
effect of teaching style on the ability of synthesize. One would 
speculate that teachers who are indirect and non-authoritarian 
are more likely to encourage and reward speculative and creative 
thinking on the part of the students, and therefore these students 
would be more successful in synthesizing. 

The ability to synthesize should be a general cognitive ability 
which extends across subject matter areas. This research only applies 
to chemistry, but one would expect similar results in other subject 
matter areas such as social studies, math, and German. Research in 
other areas with the assistance of subject matter experts is 
recommended . 
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APPENDIX 



Written Instructional Material and Qriterion Teats for Eaoh Unit 



Unit 1 • Programmed Learning Material Concerning A 

There are limitations in the measurement of any quantity and there* 
fore we oannot measure any object exactly. The limitations are due to 
various faetors such as skill of the experimenter, imperfections in the 
instrument, random variation, accuracy of eyesight of observer, eto., 
but most importantly the limitation in the measuring instrument itself. 

In practice, one oan adjust for random variation by taking an average; 
with enough experience one becomes skillful in operating the measuring 
devices and includes accuracy of eyesight, etc. as a part of the uncer- 
tainty estimated; and so we will be concerned primarily with the uncer- 
tainty of the measurement due to the instrument itself. This uncertainty 
must be large enough so the true value of the measurement will be reason- 
ably sure to be between the largest and smallest values of your measure- 
ment. For examples 26 .4+. 2 means that the true value is somewhere be- 
tween 26*2 and 2 6 * 6 * The true value oould be 26.2 or 2 6*5 but our beet 
approximation is 26 . 4 . 

Now we oan not know the true value but we oan put limits on it. For 
example, I may not know my true weight but surely it is more than 100 lb. 
and less than 300 lb. This oan be expressed as 200+100. The 200 is my 
estimate of the true value and 100 is the uncertainty. In making a meas- 
urement we want to know as muoh as possible, so if X oould use a better 
instrument perhaps X oould say my weight la 1 96 + 2 . That moans I weigh 
between 194 and 196. In order for this measurement to be valid , my true 
weight must be between 194 and 196. Our objective is to secure the 
minimum uncertainty for whioh we are reasonably certain our measurement 
is valid. Thus the measurement 197. 69424+, 00003 ia valid only if we are 
reasonably oertain that the true value is“between 197.69421 and 197.69427* 
While this is possible, it it evident that it would require an excellent 
balance. 

As we have previously stated, the principle souroe of uncertainty is 
usually the instrument, although, if one has a suffieiently good instru- 
ment, variations in the objeot itself may beoome significant. A beaker 
of water on a sensitive balanoe would show a decreasing reading as the 
water evaporates. Ordinarily this is not a problem beoause the water 
does not evaporate rapidly enough to be noticeable • If evaporation was 
too rapid we would use a dosed oont&iner. 
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Even if we weigh en objeot whloh Itself is essentielly oomtant, 
there will be unoertalnty due to the limited sensitivity of the balanoe* 

By sensitivity we mean the Ability of the baltnee to respond to a small 
ohange* If we have a balanoe in apparent balanoe we oan add a weight to 
one side and ohange the balanoe - but there is a limit to the size of 
weight we oan add* Zf we ohoose a small enough weight we will not notioe. 
a ohange in the balanoe* An example is the addition of a grain of sand 
to a truck vhloh already oontains 20 tons of sand* The largest amount of 
weight that oan be added without notioeably changing the balanoe is the 
sensitivity of the balanoe* This is why the uncertainty of the oenti- 
gram balanoe in the lab is *01 grams , although one oan read the balanoe 
more accurately. The larger oapaoity balanoe e in the lab have a sensi- 
tivity or uncertainty of about *05 grams* 

The balanoe itself may have been made improperly so that it con* 
sistently weighs *2 grams too muoh or too little* One oan deteot an 
error of this type by using a standard weight, but not by repeated weigh- 
ings on that balanoe* One oan also weigh the objeot on several different 
b&lanoes and by averaging, get a best value for the mass* If the follow- 
ing weights are obtainedt 26. 52, 2 6*53» 26*52, 26.55, the best value 
would be 26*55* The best value is obtained by rounding off the average, 
and the uncertainty inoludes the highest and the lowest values obtained 
In the series of measurements. 26*55l*02 means the weight is between 
26*51 and 26.55* All of our measurements lie within that range and we 
are therefore reasonably sure that this is a valid measurement. This is 
the method used when one oan make several measurements of a quantity. 

1 • Why does a single measurement made by an observer using a perfeot 
instrument oontain some uncertainty? 

1 

2. The uncertainty in a measurement may be duo to orror in the Instrument 
and the laok of sensitivity of the instrument. Explain what is meant 
by error in the instrument and sensitivity using a balanoe as the 
instrument* 



5* What is a valid measurement? 

4* Giver, the following measurements find the best value for the mass of 
the empty beaker and give the uncertainty* Explain how you got your 
answer* 



58.2 

58*5 

58.1 

58.2 
58.2 



b 
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Answers 



1, There it always io&t uncertainty in reading an instrument because the 
graduations art not infinitely small. In addition the object may vary 
so that thsrs is a ohanoe of variation in the reading. Xn praotiee we 
oorreot for this by averaging the readings. 

2. There is a limit to the ability of an instrument to respond to small 
ohanges. For example if a balanoe is apparently in balanoe we can add 
a weight so small that it will not produce a notioeable change in the 
balanoe position. Still, the weight on the balanoe pan has been 
changed, but the balanoe did not respond. 

?• A valid measurement is one for whioh we are reasonably sure the true 
value lies within the range of unoertalnty. For example 26 ,7+ *1 it 
valid if the true measurement is between 26.6 and 26.6 ml. 

4. The value of 28.20.1 is obtained by averaging these values. Sinoe 
all the measurements are in the range from 26.1 to this is our 
best value. 
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Unit 1 • Programmed learning Mutt rial Oonotrning B 

All measurements contain torn# uncertainty and we nttd to loam how 
to estimate the uncertainty of a measurement. Every aeatureaent it an 
approximation and should inoludo tone indioat ion of the unoortalnty* 

For example, the width of thie paper la 8.94.1 lnohes. The range of a 
measurement is the largest and the smalleit""poseib.le values* The range 
of the width of thie paper is 8.4 in. to 6 .6 in. When two or more meas- 
urements are oomblned, the uhoertalnty of each measurement oontrlbutee 
to the unoortalnty in the combination. 

Here is a diagram of a graduated oyllnder whloh contains a liquid. 



1 • What would you give for the best value of the volume of the liquid? 



2. Estimate the unoertainty. 



J. Give the rang? of the measurement. 



30 ml. 




4. The measurement with its estimated unoertainty ie 



± ml. 



Look for the answers on the next page. 



Answers 



1* 25 ml. the answer should not be 2j$.0 ml. sinoe that implies we ean 
judge the tenths of ml. Actually we are guessing at the nunber of 
ml. sinoe there is a marie only for eaoh 10 ml. If you estimated the 
answer ae 22 ml. or 24 ml. 1 these answers are both oorreot sinoe they 
fall within the range of 22 to 24. 

2* The uncertainty is ♦ 1 ml. This means that although our best guess 
for the volume is 2$ ml. it oould be as small as 22 ml. or as large 
as 24 ml* 

$. 22-24 ml. is the range of the volume sinoe 22 is the smallest value 
and 24 is the largest value that is likely. 

4. 2^*1 ml. is the measurement and its uncertainty. 
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Unit 1 • Criterion Test 



1 • Why does a single measurement made by an observer using a perfeot 
instrument oontain some uncertainty? 

2* The uncertainty in a measurement may be due to error in the in- 
strument and the lack of sensitivity of the instrument* Explain what 
is meant by error in the instrument and sensitivity using a balanoe 
as the instrument* 



5* What i? a valid measurement? 



4* Given the following measurements find the best value for the mass of 
the empty beaker and give the uncertainty* Explain how you got your 
answer* 

101 *42 
101 *4j 
101.41 
101 *42 
101.4J 



5* A chemioal is added to the beaker and it is again weighed. However , 
the beaker exceeds the capacity of the centigram balance and a larger 
balanoe is used giving these datas 

1 56*J0 Find the best value and the uncertainty of the beaker and 
156*45 acid, and explain how you got it* 



6* Find the mass of the content • of the beaker and the unoertainty In 
the mass, and explain your answer* 



7* The diagram shows a graduated cylinder whioh oontaina a liquid A* 
Give the volume of the liquid and estimate the uncertainty - explain 
your answer* 




50 


ml 


40 


ml 


50 


ml 


20 

• 


ml 


10 


ml 



6* The diagram shows a graduated cylinder whioh oontains the remainder of 
liquid A, after part of the liquid is poured into a beaker* Give the 
volume of liquid A whioh remains and estimate the uncertainty* Ex- 
plain your answer* 



% ■ 




ml* 

ml* 

ml* 

ml* 



9* Find the volume of liquid A in the beak or and the uncertainty in the 
volume* Explain your answer* 
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Unit 2. Progr tamed Learning Material Oonoeming A 

All atoms are composed of protons, neutrons and elootrons* The 
Protons have a mass of 1 atomic mass unit and a charge of el, the neu- 
trons a mass of 1 atomic mass unit and a oharge of 0, and the electrons 
the very omall mass of 1/1626 atomio maos unit and a oharge of -1 . 

These particles are looated in two parts of tho atom called the nucleus 
and the shells* 

The protons and neutrons are located in the nucleus of the atom* 
The nuoleus is tho very small oenter of the atom but it oontaino more 
than 99*9/( of the mass of the atom, while occupying less than one bil- 
lionth of the volume of the atom* The electrons have a very small mass 
and therefore can move rapidly* By oonstant rapid motion the electrons 
effectively oooupy the space around the nuoleus and exclude other elec- 
trons from this space* In this way the electrons make up the volume of 
the atom* 

The electrons are arranged in shells or energy levels around the 
atom and these shells represent two aspects of the electrons* One is a 
region of probability of finding the electron which is usually a thin 
spherical shell* Secondly, the shells correspond to energy levels* An 
atom la typically represented in a drawing as follows! 




The shells are designated alphabetically by letters beginning with 
K for the first shell and each shell oan oontain, at most, a particular 
number of electrons which corresponds to the shell* Thee© numbers for 
each shell are K*2, L-8, M*18, N*22, etc. When an inner shell is filled, 
the remaining electrons must go into a higher shell because the space 
oocupied by the electrons in the filled shells excludes the added shells* 

Since our model of the atom represents shells as forming oonoen- 
trio spheres around the nuoleus, adding a shell with a larger radius 
makes the atom larger* An atom such as Phosphorus (P) which contains 12 
electrons will have 2 in the K shell, 8 in the L shell, and the remaining 
2 in the M shell* Therefore P hae three shells fully or partly ocoupied. 
P would be a larger atom than Oarbon (0) whioh has 6 electrons, 2 in the 
k shell and 4 in tho L shell* 
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The number of electrons In on atom is equal to tho atomio number* 
Ths atomio number is tho whole number whioh is given on tho poriodio 
chart* 

1* How many electrons dooo an atom of aluminum (ill) have? . . _ 

2* How many olootrons dooo an atom of chromium (Or) have? ______ 

2* How many shells arc oooupied in ooppor (Ou)t __ __ 

4* How many shells are oooupied in boron (B)t 

9* Whioh atom is larger berylliia (Be) or magnesium (Mg)? _______ 

Explain your answer* 



6# Whioh atom is larger helium (He) or sulfur (S)T 



Answers 



1. Aluminum has \} eleotrens. 

2* Chromium hss 24 eleotrons* 

5* Copper hes 29 eleotronsi 2 in the X shelly 6 in the Ly 18 in the K 
end 1 in the H» whinh makes 4 shells* 

4* Boron has 4 eleotronsi 2 in the X shell and 2 in the Ly whioh makes 
2 shells* 

5* Magnesium has 5 shells and beryllium has 2 shells* therefore mag* 
nesium is the larger atom. 

6. Helium has 1 shell and sulfur has J shells, therefore sulfur is 
larger* 



* 
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Unit 2* Programmed Learning Material Concerning B 

An atom is made up of a positively ohargsd nuoleus whloh Is vary 
snail surrounded by negative electrons In a generally spherical distri- 
bution as piotured. 



Electrons in Shells 




The electrons define the size of the aton by rapidly moving around 
in the region around the nuoleus and excluding other electrons from that 
spaoe. The negative electrons are attracted to the nuoleus by the posi- 
tive charge produced by the protons* The charge of the nucleus is deter- 
mined only by the number of protons in the nuoleus sinoe the neutrons 
which are also in the nuoleus have a charge of 0* 

The larger the number of protons in the nuoleus the greater its pos- 
itive charge, and consequently the greater the foroe exerted on the neg- 
atively charged electrons. As this attracting foroe becomes greats*, the 
atom becomes smaller, since the eleotrone are attracted closer to the nu- 
oleus by the greater nuolear foroe. Eaoh electron is.affeoted indepen- 
dently by the nuolear oharge so the attracting foroe of chlorine (01) 
with its 17 protons is greater than that of sodiun (Na) with its 11 elec- 
trons. The additional eleetrons of ohlorine do not decrease the attract- 
ing force of the nuoleus so the attracting foroe depends on the charge of 
the nuoleus and not on the number of electrons in the atom. 

The number of protons in the nucleus of an atom can be found by 
looking at the atomio number of the periodic chart. The atomic number is 
always a whole number. For example, the number of protons in krypton 
(Kr) is 

1 . What is the number of photons in caloium (Oa)t 

2. What is the number of protone in beryllium (Be)? 

2. Which has greeter attracting force in the nucleus, magne- 
sium (h*; or suilur (3)? 

4. Which atom has the greater attracting foroe in the nuoleus, phos- 
phorus (P) or nitrogen (N)? 

2* Which atom is the smaller, sodium (Na) or aluminum (Al)f 
6. Which atom is smaller, niokel (Ni) or iron (Fe)t 

Turn to the next page for the answers. 
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Answers 



1. Oaloium (Oa) hat 20 protons, 

2. Beryllium (Bo) hat 4 protons. 

% 

5. Magnesium (Mg) hat 12 protons in the nuoleue and sulfur (8) hat 1 6 
protons, therefore sulfur hat the greater attracting foroe in the 
nuoleut. 

4. Phosphorus (P) has 15 protons in the nuoleus and nitrogen (N) has 7 
protons, therefore phosphorus has the greater attracting foroe in 
the nuoleus. 

5. Sodium (Na) has 11 protons and aluminwn (Al) has 15 protons, there- 
fore aluminum exerts a greater attraoting foroe on its eleotrons and 
is the smaller atom. 

6. Niekel (Ni) has 28 protons and iron (Pe) has 26 protons, therefore 
niokel exerts a greater attraoting foroe on its eleotrons and is the 
smaller atom. 
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Unit 2* Qriterion Test 



1 * The number of protone in lead (Pb) is t 

2 , Whioh of the following hee the greatest nuolear charge I iron (Fe)> 
nickel (Ni) or oobalt (0o)T Explain your answer* 



Whioh of the following nuolei exerte the greater foroe on its 
eleotronst oarbon (0)# nitrogen (N), or oxygen (0)T Explain your 
answer* 



4, Whioh has the largest atomio radius! silioon (9i)» phosphorus (P) or 
sulfur (S)f Explain your answer* 



2* Describe briefly the nucleus and shells of the atom and inolude a 
drawing* 



i 



d* Nearly all the volume of the atom is oooupied by ______ _ ____ 

7* Give the maximum number of electrons in the following shells! K_ 

^Lt**** * 

6* Does the adding of a shell make the corresponding atom larger or 
smaller or doe.a it remain the same ? 

Explain your answer* 



9* Potassium (K) has a diameter of 2*05 angstroms whioh Is larger than 
the diameter of bromine (Br) 1 .14 angstroms* Explain why* 
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10. Sodium (MS) hat a diameter of 1*27 angstrom* whioh it largor than 
tha dianetor of aluminum (Al)(U25 angstrom*) • explain why* 



11, Ohlorino (01) has a diameter of . 99 angstroms which is larger than 
the diameter of fluorine (F) .72 angstroms. Explain why. 



12. Keon is larger than helium. Explain why. 



1 $, Sulfur (S) has a diameter of 1.04 angstroms whioh is larger than the 
diameter of oxygen (0) .74 angstroms. Explain why. 



14. Magnesium (Mg) has a diameter of 1 .$6 angstroms and the diameter of 
tellurian (To) is 1 .35 angstroms and these are nearly equal in 
radius. Explain why. 



13 . Lithium (Li) ,has a radius of 1 .23 angstroms and this is nearly equal 
to the radius of vanadium (V) whioh is 1.22 angstroms. Explain why. 



Unit $• Programmed Learning Materi al Concerning 4 

All molecules of a liquid are in oontlnuouo random motion# and 
while some aoleoules are mowing very rapidly and othera very elowly at 
a given temperature# there it a definite average aoleoular motion, the 
average moleoular motion of a eubatanoe ia proportional to the temper** 
ature, When the temperature of a eubatanoe la lnereaeed by heating it# 
thie addition of energy increases the average moleoular motion. For 
liquids this lnoreaaed motion is primarily exhibited in the vibration 
of thfe molecules. The greater the energy of a liquid the greater the 
average back and forth vibration of its moleoulea. This vibration 
affeets the volxsne the liquid ooouplee# beeauee aa the vibration in- 
oreases# the effeotive space occupied by the moleoule increases) and so 
the volume of the liquid increases. We have reatrioted the dlsousslon 
to liquids so far# because although the seme offeot la true in general 
for solide and gases, there are important differences between liquids 
and solids and gases that will not be dieouesed at this time. 

1 • As the temperature of a liquid decreases# the average moleoular 
motion , Explain* 



2, As the motion of the moleoulea in a liquid increases# the volune 
©coupled by the liquid » Explain* 



Look at the answers on the next page* 



Answers 



1* Pso raises . Ths average energy of the moleoules decreases as the 
temperature is decreased* and sinoe this energy is mainly shown as 
molecular motion the average molecular motion also doorcases* 



2. Increases* As the molecular motion inoreasee this is reflected in a 
greater vibration of the moleoules. This greater vibration Inoreasee 
the effective space oooupled by a molecule* and the volune of the 
liquid inoreasee* 



Unit Programed Iteming Materiel Oonoemiog B 

A polar molaoule has an uneven distribution of electron*, oauelng 
one end to be * lightly negative and the other end to be elightly poeltlve 
ae shown in the diagram* 




Water le one of the many eubatanoe* whose molecules are polar. The 
attraotlon of the oppositely oharged ends of these molecule* causes them 
to form polar bonds as shown* 

^-polar bond 

Qfc C3 



Although this bond is rather weak and Is often broken by the random 
vibration of the moleoules, these bonds attach two or more molecules to- 
gether for a short time and at equilibrium when one bond is broken anoth- 
er tends to form at the same time. The number of these bonds that exist 
at any one time is oonstant and determined by the average moleoular 
motion. 



In water, these polar bonds tend to link the moleoules into an open 
struoture which contains spaoee from whioh other water molecules are 




Hot pictured are the many molecules of water that are not bonded 
but are moving independently. 

Thie means that the formation of polar bonde increases the volume of 
a given- amount of water. At a given temperature the nunber of bonds that 
exist at any given time is oonstant, beoause although some are being bro- 
ken, an equal number is being formed. As the temperature is increased 
the molecules have more energy and some of the bonds are broken. Thie 
means that the number of polar bonds that exist at any given time is de- 
creased aa the temperature la increased* 
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Describe a polar moleouls and explain why It ooours using a drawing* 



Look for the answer on the next page. 

2. Desorlbe a polar bond and explain why It ooours using a drawing. 



Look for the answer on the next page* 

Use a drawing to Illustrate the effects of the formation of polar 
bonds on the volume of water. 



Look for the answer on the next page. 

i 

4. As the temperature of water molecules Is decreased , the formation of 
polar bonds between molecules is . Explain. 



Look for the answer on the next page* 

As more polar bonds are formed, the volume of the water 
Explain* 



Look for the answer on the next page. 



Answers 



1, A polar molooul© h&s an unequal charge distribution# One end is 
sKghtly positive and the other end is slightly negative, due to un- 
equal sharing of the eleotrons and looks likes 




2# A polar bond is the bond between two polar molecules caused by the 
attraction of the + end of one molecule for the negative end of an- 
other moleoule as shown i 




3# The formation of polar bonds. in water, oreatee a stricture with open 
spaces as showns 




from which other molecules are excluded* This makes the volume of a 
given amount of water larger. 

4. increased . The molecules have lees ensrgy, and so fewer of the 
polar bonds formed are broken by the random molecular motion. 

5# increases . As mors polar bonds are formed, there are more open 
spaces from whioh water molecules are excluded, and the volume of a 
given amount of water increases. 



Unit >, Criterion Tost 

1 . As the temperature of the water deoreases» does the average mole- 
cular motion inoroase, deorease» or etay the eemet 



2* Ae the motion of the water molecules deoreaees, does the epaoe 

ocoupied by a moleoule inorease, doorcase* or stay the samel Explain 
your answer* 



As the temperature of water moleoules is deoreaeed, is the formation 
of Hydrogen bonds between the water moleoules increased $ deoreaaed or 
does it stay the samel 



4* Does the lnoreased formation of Hydrogen bonds oause the volume of 
the water to inorease* decrease or etay the eamef Use a diagram to 
explain your answer* 
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Volume Vo. Temporature (for 100 grams of HgO) 




Temperature in Degrees Centigrade 



5 , Explain in terms of the behavior of the molecules,, why the volume of 
the water decreases as the temperature is deoreasedj reaohee a mini- 
mum at 4 degrees 0 ., and then the voluae of the water increases as 
the temperature is decreased still more. 



Unit 4. Programmed Learning Material Concerning k 

k ohemleal formula represent a all of the following! 
a. whioh element* are present in the oompound 
bo how many atoms are present in one moleoule 
o. the ratio of atoms of one element to atoms of another element 
For example* one moleoule of A101* contains one atom of Al and three 
atoms of 01# 

The formula of a substanoe is obtained by analyzing the oompound. 
The formulas obtained are expressed as the lowest whole number ratio of 
atoms by oonventlon and are oalled simplest formulas. Therefore the 
formula for water is written H^O and not ltyOg or 

1 • What is the ratio of atoms of oarbon (0) to ohlorine (01) in OOl^f 

Look for the answer on the next page. 

2. What is the ratio of atoms of phosphorus (P) to oxygen (0) in PgO^t 

Look for the answer on the next page. 

j. What is the ratio of potassium (K) atoms to sulfur (8) atoms in 
KoSV 

What is the ratio of sulfur (S) atoms to oxygen (0) atoms? 

What is the ratio of potasslun to ostygen atoms? 

Look for the answer on the next page. 
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1. in COl^ the ratio of e&rbon to chlorine atoms is 1 to 4* 

2. The ratio of phosphorus to oxygen atoms in is 2 to 

The ratio of potassium to sulftur atoms in KgSO^ is 2 to 1* 

The ratio of sulfur to oxygen atoms is 1 to 4* 

The ratio of potassium to oxygea .«Lcr ; is 1 to 2 (this is the same 

as 2 to 4 but it is customary to reduce the ratio to its smallest 
terms) • 



Unit 4* Programmed Learning Material Oonoernix\g B 

In the early 1800's Aa&deo Avogadro formulated the theory that 
equal volumes of all gasee at the seme oonditione of temperature and 
pressure contain equal numbers of molecules* The qualification of equal 
temperature and pressure is important and is usually controlled by keep- 
ing the gases at standard temperature and pressure* STP is the abbre- 
viation used for standard temperature and pressure and means a tempera- 
ture of 275 degrees Kelvin and 1 atmosphere pressure* 275 degrees 
Kelvin is equal to 0 degrees Centigrade (Celsius) and to 5? degrees 
Fahrenheit) and 1 atmosphere of pressure is the pressure of dry air at 
sea level whioh is equal to 14*7 pounds per square inoh and to 760 
millimeters of mercury in a barometer* In the following discussion all 
gases are at STP* 

In a gas the molecules are moving very rapidly and are, on the 
' average, quite far apart. For this reason the mass and radius of the 
atoms do not affect the volune of the gas. If the atoms were much 
oloser together as they are in a solid, the radius of the atom would 
affect the volume but the mass would not* 

The theory that equal volumes of gases contain equal numbers of 
molecules has been verified by many experiments* For example, two 
bottles, at STP, which oontain 2.0 liters of HH, and 2.0 liters of Mg, 
contain equal numbers of moleoules. A bottle wnioh contains 5 *0 liters 
of C0 2 has three times as many molecules as one whioh contains 1 *0 
liters of Ne at STP. This law holds regardless of the nature of the 
molecule. Diatomic moleoules contain 2 atoms per molecule and examples 
are Og, F 2 , H- and CO* Monoatomio moleoules contain one atom per mole- 
cule and examples are Me, He, Hg and Ha. Gases whioh oontain three, 
four or five atoms per molecule also exist, and examples are COg, 80- 
and CClh* Mot all of the substances mentioned are gases at STP vHg and 
Na are not) but any substance can bo ohanged into a gas if the tempera- 
ture is high enough* 

1 • How would the number of moleoules of Og in 5*0 liters compare to the 
number of molecules of NOg in 1 .0 liters if both gases are at the 
same temperature and pressure* 

Turn the page for the answer. 

2. How would the number of molecules in 5*0 liters of SO, compare to the 
number of molecules in 2.0 liters of SF^ if both gases are at the 
same temperature and pressure* 

Turn the page for the answer* 
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1 . Thor# aro five times as many molecules in 5*0 liters of Og as there 
are in 1.0 liters of U0*. 

4m 

2. There are three molecules of SO^ for eaoh 2 moleoules of SFg. 



***% 
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Unit 4. Criterion Test 



1 * The formula for oaloium ohloride is CaOlg, therefore there are/is 

A. equal numbers of atoms of oaloium and ohlorine 
B* one oaloium atom for two ohlorine at.oms 
0* two oaloium atoms for one ohlorine atom 

0. no specific relationship between the number of atoms of oaloium 
and ohlorine 

2. What is meant by a diatomio gas? 



2. When HgO is analyzed the number of atoms of hydrogen and the number 
of atoms of oxygen obtained will be 

A* equal to each other 

B. two atoms of hydrogen for one atom of oxygen 
C * one atom of hydrogen for two atoms of oxygen 
D. no speeifio relationship between the number of atoms of hydro* 
gen and oxygen 

4* In 200 ml. bottle of neon gas and 100 ml. bottle of helium gas at the 
same temperature and pressure there is/are 

A. equal numbers of atoms in eaoh bottle 

B. twioe ae many atoms of neon as helium in the bottles 

0. ten times as many atoms of neon as helium in the bottles 
0. there is no relation between the number of atoms of neon and 
heliun 

5 . In bottles of the two diatomio gases A and B, at the same temperature 
and pressure* the number of atoms of A compared to B depends on 

A. the volume of the gases 

B. the mass cf the atoms 
C* the radius of the atoms 

D. all of the above 

E. 'none of the above 
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6 # A ohemioal substonoe la decomposed completely to give two different 
monoatomio gaeea A and B. The volumes of the gases are not equal) 
2*0 liters of A are formed when J.O liters of B are formed. What is 
the formula for the original subatanoe? Explain your answer. 



7. When a substance is analyzed completely by electrolysis two different 
diatomic gases, and Y 2 » are formed. The amount of each gas is not 
eqjalj JO ml. of forms whan 10 ml. of Y 2 forms. What is the 
formula for the original substance? Explain your answer. 



62 . 



o 

ERIC 



6 ? 



Unit 5* Programmed Learning Kate rial Concerning A 

A liter is a unit of volume and is equal to 1000 ml* It is usually 
more convenient to measure the volume of a gas than to weigh it because 
the weight is so small* The amount of that gas is not specified how- 
ever, unless the pressure and temperature are given* For example, 1 
liter of 0g gas at 10 atmospheres is far more oxygen than 1 liter of 0 2 
gas at one atmosphere of pressure* The temperature and pressure are 
commonly kept at standard conditions so the volumes can be compared* 
Standard conditions are a pressure of 1 atmosphere and 0 degrees Centi- 
grade* One atmosphere is the pressure of the atmosphere at sea level 
and can also be given as 14*7 pounds per square inch or 76*0 om* of 
meroury in a barometer* In a barometer 76 om. is the height of a column 
of mercury that will be supported by a pressure of one atmosphere* 

A mole of any gas oooupies a volume of 22*4 liters at standard con- 
ditions* Thus 22*4 liters of oxygon is one mole and 44*6 liters of hy- 
drogen is two moles at standard temperature and pressure* 

1 • What is the volume of 2*0 moles of COg gao at STP? 

2. What is the volume of *50 moles of argon gas at STP? 

3* 67*2 liters of gas at STP is how many moles? 

4* 23 *6 liters of ^0 gas at STP is how many moles? 

Turn to the next page for the answers* 
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Answers 



1, Tbs volume of 2*0 moles of OCL at STP Is 44*6 Uteri, slnoe 22*4 
liters equals one mole st STP* 

2* The volume of *50 moles of argon (Ar) gas at STP is 11*2 liters, 
sines 22*4 liters equals one mole at STP* 

67.2 liters of ML gas at STP is J.O moles sines 22*4 liters equals 
one mole at STP* ' 

4. 3$*6 liters of !L0 gas at STP is 1*5 moles sinoe 22.4 liters equals 
one mole at STP* 



Unit 5* Progrsmmed Learning Material Oonoeming B 

The amount of a eubat&noe oan be determined by weighing It* Zn the 
ohemietry laboratory the unit of mate (or weight) ie the gram* 

Chemical formulas oan be written for many ooomon eubstanoee euoh ae 
water (HgO, salt (NaOl) end oarbon dioxide (OOp)* The formula gives the 
kind of atoms present ana the number of atoms of eaoh element in the 
molecule* For example, a moleoule of sulfurio aoid, HgSO^., is oomposed 
of 2 hydrogen atoms, 1 sulfur atom and 4 oxygen atoms* 

The atomic weight of eaoh element is given on the periodio ohart 
and represents the weight of the average atom of that element compared 
to the weight of a oarbon atom whioh is taken to be 12*0000* Thus Mg 
(24.5) atoms are a little more than twice as heavy as 0 (12) and Ke (4) 
is about 1/5 as heavy as 0 (12*0)* The atomic weights are not usually 
whole numbers because the average inoludes isotopes of different weights, 
although many are dose to whole numbers because a particular Isotope is 
most common* 



The formula weight of a substance is found by string the atomlo 
weight of each element as often as it occurs. For example, the formula 
weight of 0a01 9 is 40 ♦ 2(55*5) - 111 and for H*S0j.. 2(1) ♦ 52 ♦ 4(16) • 
2 ♦ 52 ♦ 6 k - 98* * 



1 • What is the formula weight of NaP 

2. K-QO* 

5. Owe ? 

4. N 2 

5. (NI%7??4 






t 



Turn to the next page for the answers* 

The formula weight in grams of any substance is ealled a mole* For 
example, 96 grams of is one mole of H 2 S<>4 and 222 grams of 0a01 2 

is two moles of 0a0l 2 * 

1 • 22 grams of 00 2 is how many molest 

2* $5 grams of NaF is how many molest 



5* 5 moles of N 2 is how many gramst 
4* *8 moles of Al^SO^ is how many gramst 
5* 2*5 moles of X 2 00^ is how many gramst 
6* 196 grams of is many molest 



Turn to the next page for the answers* 

6 5. 



Answers 



1 • 22 jjrams of OO 2 - .5 moles sinoo 44 grams • 1 mole of 00 2 (22/44 » 

2* 82 grams of NaF ■ 1 *2 moles sinoo 42 grams • 1 mole (62/42 * 1*2) 

2 • 2 moles of N 2 » 64 grams sinoe 28 grams * 1 mole (2 x 28 ■ 84) 

4* .8 moles of A1 2 ($0 j.)* ■ 272*8 grams sinoe 242 grams ■ 1 mole (.8 x 
242 - 272*8) 7 

2* 2*2 moles of iUQOx • 242 grams sinoe 128 grams • 1 mole (2*2 x 128 » 

242) 7 

8* 198 grams of U 2 SO 4 • 2 moles sinoe 98 grams • 1 mole (19 8/98 • 2 ) 



1* The formula weight of NaP is 22 ♦ 19-42. 

2. The formula weight of KgOO^ is 2(29) ♦ 12 ♦ 2(18) e 7® ♦ 12 ♦ 48 • 
128* 

2* The formula weight of 00 2 is 12 ♦ 2(18) • 12 4 22 - 44* 

4* The formula weight of N 2 is 2(14) • 28* 

2* The formula weight «f (N%),POa is 2(14) ♦ 12(1) ♦ 21 ♦ 4(18) - 42 ♦ 
12 ♦ 21 + 84 « 149* p 

8* The formula weight of Ai^SCfy). is 2(27) ♦ 2(32) ♦ 12(18) ■ 24 ♦ 98 * 
19 * - 242 . * 
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Unit 5* Criterion Test 



t. OXuoose has the formula OgfygO^. Give the number of atoms of each 
element in one moXeouXe or gfuoose* 

0 

H _____ 

0 _ . 

2. The atomio weight of potassium (K) is ♦ 

5* The forauXa weight ofoarbon dioxide (QOg) is . . .. - 

4*4 mole of ammonia (NH^) is _ g rama* 

5* 8TP stands for (be speoifio) . 

8. The mass of .7 moleo of SPg gas at 8TP is » 

7* The voXume of two moles of SOg gae at 8TP is ._ * 

8. The volume of 1.85 moles fcf C2S gas at STP is . * 

9. The voXume of 77 grams of GOX^ gas at STP is . 

Explain how you obtained your answer* 



10 .The mass of 44*8 liters of 00g gas at STP is 
Explain how you got your answer* 



67* 





Unit 6 , Programmed Learning Material Concerning 4 

Reaotioni take place when moleoules collide with eaoh other. The 
kinetie moleoular theory etatee thati 

1 • all moleoulea are in constant motion 
2. the motion of moleoulea la random 
2* the molecules collide very frequently 

4, collisions often result in a transfer of energy with one molo- 
„ oulo gaining energy and the other losing energy 
5* individual moleoulea at a given temperature do not all move at 
the same speed but the speeds vary over a large range 
6. most moleoulea have the average velocity at a constant temper- 
ature 

7* when the temperature of the moleoulea is increased by adding 
energy, the average speed of the moleoulee is increased, al- 
though there are still some slow and some fast molecules, 

4 simplified system of ohemieals containing two gases will be con- 
sidered, When the moleoulee collide the energy of collision varies 
greatly. If two moleoulea are moving in the same direction with one 
molecule moving faster and catching up to the other, the energy of 
collision will be relatively small. If the same moleoules collide when 
moving directly toward each other, the energy of collision will be much 
larger. The moleoules present have a large range of speeds and a col- 
lision between two molecules that are .both moving very fast will pro- 
duce more energy than a collision between two slow moving molecules. 

For a given set of reactants, say hydrogen and chlorine, there is a 
certain minimal level of collision energy required if a reaction io to 
take place. If the energy produced is less than this amount the mole- 
cules will rebound unoomblned* If the energy is greater thaa this a 
reaction will ooour, 

1 , Do all moleoules move at the same speed at a given temperature T 

% 

2 , Do molecules collide with other molecules often! 

3* Adding energy to increase the temperature of a aubstenoe makes the 
moleoules move „ 

4, The energy of co.llleion of two molecules depends on 
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Answers 



1 # No. Some moleoulss ere moving very slowly end others ere moving very 
repidly el though most moleoules move with en everege speed. 



2. Yes, ■ moleoules oollide very frequently* 



5* Fester 



4* The energy of oollision of two moleoules depends on the speed end 
direotion of their motion* The energy is greatest when the moleoules 
ere moving directly toward each other et high speeds* 



Unit 6 * Programed Learning Mauual Oonoeming B 

Reaotione take pleoe when ool coulee oollide with eaoh other* Some 
of the random oollieione that ooour are highly energetio and eome have 
low collision energies* Xf a ooXXision between two moleouXes ie to pro- 
duce a reaotion it must produoe a certain minimum amount of energy 
eaXled the aotivation energy* The amount of the activation energy re- 
quired depends on the nature of the reactants* MoXeoules which have a 
low aotivation energy are very reactive end thus readiXy combine with 
other moXeouXes* 

The aotivity of an element la related to many faotors but oan be 
generally determined by looking at the periodic chart. The elements 
on the left side of the chart are called metals and increase in aotiv- 
ity as one goes down the ohart* For example potassium (K) is more 
reactive than sodium (Na) • The elements on the right side of the chart 
are called non-metals and decrease in aotivity as one goes down the 
ohart* An example is bromine (Br) whiob is more active than iodine (I)* 

1* Collisions between molooules produce energy which oan enable the mole- 
oules to react* The minimum amount of energy needed is oalled the 



2* Which ie more active * barium (Ba) or strontium (Sr)t 

% 

2* Which is more aotive tellurium (Te) or selenium (3e)t 



TO. 
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Answers 



1 • Aetivation energy 
2. Barium (Be) 
Selenium (8e) 
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Unit 6 • Criterion Teet 



1 . Ae the temperature is inoreased what happen* to the energy of 
oolliaion? Explain your onewer. 



2* Explain why eodlum (Na) reaote with eulfur (3) at room temperature 
while iron (re) doee not reaot with eulfur (s) at room temperature. 



At room temperature a mixture of nitrogen and oxygen does not reset. 
At 400 degrees 0. the reaction oooure. Explain why* 



4. At room temperature -(25 degrees 0.) a mixture of ohlorine and oxygen 
reaots, but a mixture of bromine and oxygen does not. Explain why. 



i 




5. There are two containers at room temperature (25 degrees 0.)* In one 
container equal numbers of molecules of hydrogen and bromine are 
mixed and in the other oontainer equal numbers of molecules of hydro- 
gen and chlorine are mixed. After several hours there is no evidence 
of a reaction in either oontainer. When the temperature ie increased 
to 255 degrees 0. there is a reaction in the container which holds 
the hydrogen and ohlorine but not in the oontainer which holds the 
hydrogen and the bromine. Explain why the re&otion occurs in one 
container and not in the other. 
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Oa 

8 

100° K. 



0a 

0 

100° K. 



Oa 

8 

500° K. 



Oa 

0 

300° K. 



% 



A . There are two containers at 100 degree® K. In one container there 
are equal numbers of molecules of calcium (Oa) and oxygen (0) and in 
the othor container equal numberj of molecules of calcium (Oa) and 
sulfur (8) are mixed* After several hours there is no evidence of a 
reaction in either container. When the temperature of both is in- 
creased to J00 degrees K. there is a reaction in the container of 
oaloium (Ca) and oxygen (0) but not in the container with the caloiua 
(Oa) and sulfur (8). Explain why the reaction occurs in one contain- 
er and not in the other* 



ihtt y t Frogrammad Learning totirlil Oonoaroing A 

. -oi-auiee 0 f a gaa are ralatlwaly far apart and ara in ao.iatant 
* b# She melteulaa ooeupy apaoa by axoluding othar nolaoulaa from 

•paoe and the total volume of the gas increases. Therefore hea ng a 
gas increases its temperature and its volume. 

Tho temperature of gases le oomaonly measured in 

10®aentlgrada io^Kalvin. If th. 
JSptfatSre in 0 Kalvin ia doSbl.d, tha mol.oulaa nova twioa a« faat and 
the P volume is twioe as large. If the temperature in Kelvin 2*5 
times greater, the volume is 5*9 times greater also. 

t . In a gae are the molecules olose together or far apartt 
2, How do gas moleoulee occupy space! 

J. As tha tamparatura of a gaa ia ineraaaad th. matian of tha mala- 
cules * * 

A. A# tha tamparatura of tha gaa ia inoreaaad, what happana to tha 
volume of the gas! Explain your answer. 

* > the temperature of 5.0 liters of a gas is increased from 200® 

^ Kelvin to 600° Kelvin what happens to the volume! Explain your 

answer. 



Answers on next page 
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Answers 



1. In a gat the moleoulea art relatively far apart* 

2. Oat meltoulet oooupy tpaot by moving and txoludlng other aoXtouXta 
from that tpaot through oollitiont. 

At the temperature of a gat it inoreated the moXeouXet move fatter* 

4 * At the temperature of a gat it inoreated the voXume inoreatet beoaute 
the inoreated motion of the moXeouXet aXXovt the moXeouXet to oooupy 
more tpaot* 

5, Heat it added to inoreate the temperature and the moXeoulet move 
fatter and oooupy a Xarger volume. In thia ease the temperature it 
three timet greater and the voXume will be throe timet greater or 
1?*0 liters. 
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Unit 7« Programmed Learning Material Oonoernlng B 

The noleeulee of a gaa are relatively far apart and are In oonetant 
notion* The collisions of the gas molecules on the walls of the eon* 
talner are responsible for the pressure exerted by the gas* 



piston 



Zn this diagram the gas moleoules are contained by a piston In a 
oylinder* The pressure exerted by the piston on the gas is just equal 
to the pressure exerted by the gas on the container* Zf the piston Is 
moved to the left* the moleoules are foroed to oooupy a smaller volxa&e* 
As the volume oooupled becomes smaller* the* moleoules collide with the 
walls more frequently and exert a greater pressure on the walls of the 
container . The pressure of the gas molecules on the piston will again 
be equal to the new pressure of the piston on the gas molecules. There* 
fore decreasing the volume of a gas requires an increase applied 
pressure and causes an increased pressure of the gas molecules. Zt is 
also true that increasing the pressure on a gas decreases the volume of 
the gas. The pressure of a gas is usually measured in atmospheres where 
one atmosphere is the pressure of the atmosphere at sea level. Zf the 
pressure is doubled to two atmospheres the volume is i as muoh. Zf the 
pressure is five times higher the volume would be 1/^th as great. 

1 • In a gas are the molecules olose together or far apart? Stationary 
or moving? 




2. Explain how gas moleoules exert pressure* 



5* As the pressure on a gas Is increased what happens to the volume of 
the gas? Explain your answer* 



4* When the pressure of 6 liters of oxygen is ohanged from three 

atmospheres to two atmospheres* what happens to the volume? Explain 
your answer* 






Answtrf 



■• SuJf^jsLsr” * “ m *“« “ ,i «*«*»-*«. 



5 ' Sirs - «. *. 

*• SSSTinTS iL *SS S *«s .yr • n. ~ 

e»e large or 9 liter*. ** U “ 1 preoaure to the volume will be 3/2 



Unit 7* Criterion Test 



1. Xn * g&s the moleoules are (small, large) distances apart and are 
always (stationary, in notion)* Oirole the oorreot answer* 



2* When 2*0 liters of neon (Ne) gas is heated from 150° Kelt in to 300° 
Kelvin, what is the volume? Explain your answer* 



J* When ?*5 liters of oxygen gas is heated from 200° Kelvin to £00° 
Kelvin what is the volume? Explain your answer* 



4* When the pressure on 8*0 liters of helium (He) is inoreased from 2 
atmospheres to 4 atmospheres, what is the volume? Explain your 
answer* 



5* When the pressure on 12*0 liters of nitrogen is inoreased from 4 
atmospheres to 6 atmospheres, what is the volume? t Explain your 
answer* 



6* When 16 liters of oxygen (0) gas at 200° Kelvin and 2 atmospheres of 
pressure is heated to 400* Kelvin while the pressure is inoreased to 
4 atmospheres, what is the volume? Explain your answer* 



7* When 4 liters of nitrogen(N) at 500° Kelvin and 1 atmosphere of pres* 
sure is heated to 4*30° Kelvin and the pressure is inoreased to 1 .5 
atmospheres, what is the volume? Explain your answer* 
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Unit 6* Programmed Ltirn ing Material Oonoerning 4 

k closed ohemioal system (one in which nothing ie added or nay 
oape) in equilibrium, under oonetant conditions, la a dynamio process in 
whioh two oppooing reaotione are oeouring at equal rates. 4t equilib- 
ria in the reactions 

44 B - 0 4 0 4 heat 

the number of noleeulee of 4 and B reaeting to produce 0 and B and re- 
lease heat at any one aonent ie equal to the nunber of noleeulee of 0 
and 0 using up heat while reaoting to produce 4 and B. The maintenance 
of this equilibrium require# oonetant condition# * 

It any of the conditions ohange the concentrations of the aub- 
stanoes present change to make a new equilibrium in a way that will re- 
move the stress. For examplo, if heat is added, the system adjusts by 
ohanglng the composition of the substanoes. Zn the reaction above the 
added heat will be absorbed by reaoting 0 and D molecules and will pro- 
duce mere % and B molecules so the concentration of 4 and B will in- 
crease and the oonoentration of 0 and 0 will decrease. We then say the 
equilibrium has shifted to the left away from the added heat. Zn the 
equations Heat ♦ mol/.} ♦ HgO ■ HfyOl/ \ the addition of heat would 
displace the equllibrlum'to the right* N v 

1 • What is a closed chemical systemf 



2. Write a chemical equation and use it to desori.be chemical equilib- 
rium. 



3. 4 ohange in a dosed ohemloal system produces a stress on the 
equilibrium which is relieved by 



4. Explain why the addition of heat to the system in equilibrium de- 
scribed by the reactions 

H 2 4 Z 2 - 2HZ ♦ Heat 

will oause the equilibrium to shift to the left. 



Answers 



1* A dosed ohemioal system is one where nothing is added or permitted 
to esoape* This inoludos moleoules and hoot* 



2* In the rosotioni Ou ♦ 8 • Oufl ♦ Heat 

at equilibrium the number oi' moleoules of Ou combining with 8 to fora 
OuS and release heat at any one time is equal to the number of mole- 
oules of OuS absorbing heat and splitting to fora Ou and 8 moleoules* 



A change in a olosed ohemioal system produces a stress on the equi- 
librium which is relieved by a change in the concentrations of the 
reaotants and the products * 



4* The addition of heat causes more HZ moleoules to split into Hp and Z« 
moleoules and the concentration of IU and X* increases to relieve the 
stress imposed by the addition of heat* The equilibrium is shifted 
to the left* 
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Unit 8. Programmed Learning Material Concerning B 



A olosed ohemloal ay stem (one in which nothing it added or may *s- 
oape) in equilibrium under certain condition* 1* a dynamlo prooess in 
which two opposing reaotions are eoourlng at equal rates* At equlllb- 

rlum in the reactions „ 

A ♦ B • 0 ♦ D ♦ Heat 



the number of moleoule* of A and B reaoting to produce 0 and D and glee 
off heat at any one moment is equal to the number of molecules of 0 and D 
absorbing heat and reacting to product A and B* The maintenance of this 
equilibrium requires constant conditions* 

A ehange in pressure oould upset the equilibrium and the system 
would react to relieve the stress produoed* For example, in the reao* 
tions 

M 2(g) * 20 2(g) " ^^(g) 

an inorease only in pressure would shift the equilibrium to the right 
beoaus* that would relieve the stress* On the left hand side of the 
equation there are three moles of gas and on the right hand side there 
are two moles of gas. Since all moles contain the same number of mole* 
oules (6*0 x 102*1 this means that there are fewer molecules present 
when the equilibrium is dieplaoed toward the right. The pressure of a 
gas in a olosed container is due to collisions between moleoules and the 
wall of the container. If more moleoules are present, the number of 
oollisions will be greater and the pressure will be greater, so the 
equilibrium shifts to the right - toward fewer moleoules - and there are 
less collisions* 

An inorease in pressure on the above system, at equilibrium, will 
produoe a stress. This stress oan be relieved when the equilibrium is 
displaced toward the side with fewer molecules beoause there will be less 
moleoules to collide. Therefore, the above system would be displaced 
toward the right when the pressure is increased and the concentration of 
N° 2 / \ will increase while the concentrations of N 2 ( g ) and Q a ( g ) 

i 

1* What is a olosed ohemloal system? 

2. Write a ohemloal equation and use it to describe ohemloal equilibrium* 



3. A ohange in a olosed ohemioal system produoes a stress whioh is re- 
lieved by - - ♦ 

4* Explain why an inorease in pressure on the system in equilibrium 

described by the equation 2H 2 ( g j ♦ °2(g) - 2H 2°(g) cause the 

equilibrium to shift and which way the shift will ooour* 
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Answers 



1 • A olosed ohemloal system is one where nothing is added or permitted 
to • soaps. This lnoludes moleoulee end heat* 

2. In the reaction 2Br 2 ^j F 2 (g) " 2FBr 2 > at equilibrium the number 

of moleoulee of Br 2 combining with F* to form FBr 2 at any one time is 
equal to the number of moleoules of FBr 2 splitting to giro F 2 and Br 2 
moleoulee. 

A ohange in a olosed ohemloal system produces a stress on the equi- 
librium vhloh is relieved by a ohange in the oonoentratlone of the 
reaotants and the produots. 

4. The equilibrium shifts to the right beoause the stress on the equi- 
librium produced by an increase in pressure oan be relieved by the 
combination of Hg/g\ moleoules with 0 2 # » molecules to produoe HgO/ % 
whioh deoreases fne'nianber of moleoules?' This smaller number of 
moleoulee has fewer oolllsions and this relleveo the stress and the 
concentration of ILO increases as the oonoentratlone of Hg and 0 2 
decrease. 
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Unit 6* Oriterlon Test 

1 • A ohango in a olosed ohemioal system produces a strata which it re- 
lieved by _ ^ ^ ____ 

2. The following systaa it at equilibrium! 

200 (g) 4 °2(g) " 200 2(g) 4 H#at 

•nd the preaeure la lnuraaaad. Whioh way lg the •qutlibrlm ahittadf 
Explain your answer* 



/ 

3* Tht following tytben it at equilibrium! 

2S0 2(g) 4 °2(g) 4 H,at * 880 5 (g) 

and the pretture it increased, whioh way it the equilibrium shifted? 
Explain your answer* 



4* The following system is at equilibrium! 

Haat ♦ 0*00 3(i j . 0a0 (#) ♦ C0 2 , g) 

and heat it added* Whioh way it the equilibrium shifted? Explain 
your answer* 



3* The following system is in equilibrium! 

Heat ♦ 2HgO - 2Hg ♦ 0 g ^j 

and heat is added* Whioh way is the equilibrium shifted? Explain 
your answer* 



6. The following system ie at equilibrium! 

H 2(«) * 5H 2(8) ‘ "b<«> + H#4t 

When heat la added and the pressure Is inoreaaod what will happen 
to the equilibrium position? Explain your answer. 



7. The following system ie at equilibrium! 

H.at ♦ 2H0 (g) . 2H0 2(g) 

When heat is added and the pressure ie deoreaeed what will happen to 
the equilibrium position? Explain your answer. 
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